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ABSTRACT 


A cellular telephone system is upgraded by modifying 
subscriber units for selective service provider acquisition 
during roaniing. Priority of acquisition is given to those 
service providers associated with the home service provider. 
These preferred service providers are identified by System 
Identilicatioa (SIDs) numbers. A roaming subscriber unit 
will tune to control frequencies to identify all of the system 
providers operating in a physical area to which the sub- 
scriber has roamed. The SHJs of those system providers 
available are compared to a preferred SID list contained 
widiin the subscriber unit. Selection is made based upon a 
priority of those system providers having arrangements with 
the home system provider. The SID lists in the subscriber 
units arc modified based upon a version number for each 
update on the SID list 


34 Claims, 7 Drawing Sheets 
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UPDATING TECHNIQUE FOR billing anrangemcDts with one anotha. meaning that a call 

DOWNLOADING NEW SYSTEM can be placed on a frequency associated with a non-home 

IDENTIFICATION (SID) LIST INTO A cellular system. However, use of a non-home service com- 

HANDSET pany in this manner to place a call may result in die 

5 imposition of a surcharige (e.g., a fixed surcharge or a higher 

TECHNICAL FIELD per-unit rate). 

The present invention relates generally to subsmber Furthermore, if the non-home service company does not 
ceUular mobile radiotelephones (CMRs). More spedficaHy. * redprocal Wiling arrangement with the user's home 

the present invention is teUted to methods for controlling „ con^jany. as a practical matter the user may not be 

CMRs by automatically downloading Usts of preferred for- ^P^^ a caU at aU. Even though the telejAone unit is 

eign ceUular systems with which the OMRs can communi- '^P*'*'* °^ establishing a connection via the carria signal 
c^tg the non-home service company' s switching equipment typi- 

cally will not allow the user to do anything with the 
BACKGROUND ART connection without a way to bill the u ser for his or her usage. 

Some service conq)anies automatically switch calls of this 
Conventional cellular mobile radiotelephone subscriber kind to an operator who can take down a aedit card number, 
units (CMRs) are capable of communicating on at least one However, absent a billing arrangement of some kind, no call 
of two independent sets of frequencies. However, a conven- can be coirpleted. 

tional ceUular ba^system communicates on only one of ceUular telephones typically include status indication 
these two sets of frequenaes Thus, a ceUular base system a displays such as sutusUghts. The "roam" lightindicates that 
may be referred to as an "A" system if it uses one set of the telephone has detected a non-home SID on a carrier 
frequencies or a B system if it uses the other set of ^ 3, i^^^ , connection with that compa- 

frequenaes. TTus dual-system appoach to radiotclqrfiony ^y., service via the carrier signal. Hie "no-service" Ught 
results from regulations whidi are mtendei at least m part indicates that no ceUular connections are avaUable. 

L^.r^.x^'^i^^^uL'^jij;:^.^^^^^ " --rr Tnt "^'*""'"t^^""j*^^r/ 

single geographic area, radiotelephone service customers ^ or B system), that s)^em becomes the subscriber/ 

may choo« to subscribe to eithw the A or B system in ^/f"^ Vl'J^!^^^ « 

accordance with whidi system provides fte best value to the PV,f.°?" * """"^ system coUerts bUkng mfonnation and 

customer. B systems are often referred to as 'VireUne" 30 ^ custoiner for the customer s use of the home 

carriers because B systems are typically operated by the '5"**™ ' ra<?'Otdephones«^ices. Whenever a customer is 

companies that provide wireUnetelecomiuni^onse^ices ^ ^° « ^y**^?^ 

whZ the B systems are located. A systems are often ^J^'ZV ^ ^ ^ ^ ^l'^ 

referred to as non-wireline carriers because they are oper- '^^^'^ '^^^ - f ""^ ^"^'^^ "P*"* 
ated by companies other than the companies that operate 3S a roammg CMR is opmting is viewed as a foreign system, 

competing B systems. These frequency aUocations are not Customers may receive telecommunication services whUe 

necessarUy permanent. roaming. However. U»e home system con^any and the 

Each frequency set in a given ceUular service area is ^"'^^^ ™" cooperate with one another 

assigned to one aid only onefwvice companrHTwem. to '"^"^ '"T^ T T^"""; 

f^'^d t^f'^'^n.T.L ' IZ" '^T'^J'' ^ home syTtem, and the home system must biU for, collect 

assigned to different service companies (much as a televi- funds for, and distribute funds back to the foreign system for 

sion diannel may be assigned to an affiliate of one network • * i • ^ " i^w^ju Y>w=iuioi 

;« ^f^r « .ffir-* f a*tiii*i^ w wui^ u^vwnjiB. foammg telecommunicauon services. AcccH-dingly, the 

in one aty and to an affiliate of another network in another ^ .^jn . . 

^ «i uiw ut.i.wwji iu auvuiti customcT must typically pay additional charges when the 

^ 45 customer uses roaming services. 

^r^/i^:ZL^'?c''l^^^^ ^r'n '"l^'^T 1**:' ^hen the customer operates his or her CMR in the area 

i?clt^i 7 I T coveredbytheCMR^shimesystem.noseriousceUularbase 

" !* Wnt^Th T I '° 7^'^ """^^^ ^y^^ '^^^^ ^oi^ '-^ds to be made.The customer wiU 

uh^l^^^^ 'P*'^"' ' "'""^ ^ ^^^^ home system because the 

^n^T^^^^^^ T^'^^H "'"^ ' 50 charges for home-system tclecommunicaUon services wiU 

homefxequeacy setwilJbetheAfrequencies.and nceversa. ^^.^ ^^^^ ^^^^ ^^^^^^^ 

As WiU be famiHar to those of OTdinary sfciU, a frequency away from the home system, a choice of whether to operate 
set typicaUy includes paging channels and associated sig- a CMR on an A or B foreign system must be made, 
nailing channels, as weU as voice channels. The i^ging and Conventional CMRs employ any one of several different 

JJ^Tn!^^ Tt^^^f^ programmable selection processes in choosing a cellular 

motions between a ceUular telephone and a ccU site m ^^em upon which to o|^ate. For example, a CMR may 

' ""^^r ' T'^ ^"^"^ P^^«^ ^ A system but accept a B system if an A system L 

assigned for the telephone s use on that caU. ^^^^^^ ^hi, ^J^^ ^ ^/g ^^^^^^ ^^^^^ 

Each service company broadcasts a unique System Iden- Conversely, a CMR may prefer a B system but accept an A 

tificaUon Number (SID) on aU paging dianncis of the « system if a B system is not avaUable. This is caUed a B/A 

frequency sets on which it provides service in a given selection process. Alternatively, a CMR may select only A 

service area. A suitably equipped ceUular telephone can thus systems (A-Only) or only B systems (B-Only) regardless of 

determine whidi service company is providing service on a whether a competing system is available. Furtfiennorc, a 

given paging channel by identifying the SID. UsuaUy the CMR may select only the home system so that roaming is 

SID contains three digits. ^5 prcrfubitcd Other selection processes may be iraplcmcated 

Receipt of a home SID is not necessarily required to be as well. A CMR wiU typicaUy utiUze a default selection 

able to place a caU. Many service companies have recqjrocal process which is consistent with its home system. For 
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cjiamplc. if a CMR*s home system is an A system^ then the 
CMR will typically utilize the A-Only or A/B selection 
processes as a default selection process. 

Conventional CMRs permit alteration of the default selec- 
tion process. However, this feature is not often used by 
customers because it is difScult to accomplish through a 
CN0(*s handset and because an intelligent nondefault selec- 
tion process setting requires an understanding of cellular 
radiotelephony that many customers do not possess. 
Accordingly, providers of cellular services recognize that 
for the most part, customers do not alter the default process 
selection setting. 

The default selection process setting tends to limit any 
beaefits that competition between A and B systems may 
jffovide while roaming. While the default setting favors the 
home system, at the same time it favors approximately one 
half of the numerous potential foreign systems over the other 
half of potential foreign systems. Assuming that ^s default 
setting does oot diange, in providing radiotelephone ser- 
vices to roaming custcHncxs one of eadi foreign area's two 
competing cellular systems beoefits from an equipn^t- 
caused bias. As a result the favored foreign systems need 
not aggressively price roaming services, and they need not 
be exceptionally cooperative with a roamer*s home system, 
because it is highly jH'obable that a roamer will use the 
favored foreign system regardless of cost CoDsequently. 
roaming costs to a customer remain undesirably hi^. 

While conventional CMRs can be configured so that the 
default system selection process setting is easily alterable, 
such configurations do not solve the problems faced by 
roaming customers. A typical customer is not prepared to 
make, or interested in making, a purchasing decision with 
req^cct to telecommunication services every time he or she 
is roaming. While roaming, a customer is unlikely to know 
the rales charged by the competing foreign cellular systems. 
Moreover, die rate structures may be con^licated, and they 
may change from time to time. Thus, when a customer is 
roaming, he or she typically does not possess sufficient 
information upon which to base an intelligent fcH'eign cel- 
lular system selection decision, even if the CMR has the 
capacity for such a selection. Topically the subscriber does 
not desire to go to the time and trouble to obtain this 
informatioo, and mark the necessary alterations in the opera- 
tion of die CMR. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to operate a CMR to 
select the most desirable foreign service provider with which 
to communicate. 

Another object of the present invention is to prioritize 
cellular service providers with which the home service 
provider of a cellular subscriber as business aitangements. 

It is a further object of the present invention to **wcigh" 
operating parameters in the selection foreign cellular service 
providers having contractual relationships with the home 
service provider roaming cellular subscriber. 

It is yet a further object of the present invention to 
enhance competition in connection with telecommunication 
services provided to roaming cellular subscriber. 

It is an additional objea of the present invention to 
automadcally update control data, available service provider 
dau and calling feature data to subscriber unit CMRs. 

It is yet another object of the present invention to auto- 
matically update data in mobile subscriber units that is 
transparent to the user of the subscriber unit and in no way 
hinders the normal operation of the mobile subscriber unit 


il,618 
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These and other objects of the present invention are 
achieved by a system for downloading data to radio tele- 
phone subscriber units where a control means updates a data 
list to be downloaded by generating a version number 

3 corresponding to the current data list The system further 
includes means for broadcasting the version number to the 
radio telef^ooe subscriber units which in turn compare the 
received version number to a stored version number of a 
comparable data list in each of the radio telephone sub- 

10 scribcr units. Responsive to the comparison means for 
initiating in each of the telephone subscriber units will start 
a download of the data list based upon the results of the 
colx^>aris<ffl. 

Id the second embodiment of the invention, the down- 
13 loading is carried out on die basis of sequentially addressing 
each of the radio telephone subscriber units in range for the 
means for downloading data so diat each of the radio 
telq>hooe subscriber units is individually addressed for the 
download of the data list 

A third embodiment of the present invention is directed to 
a method of downloading data to radio telephone subscriber 
units. In this method, a data list and a version number are 
generated and broadcast a plurality of radio telephone sub- 
scriber units. Each of the radio telephone subscriber units 
^ con:q>ares the received version number to a version number 
stored in each of the subscriber units. Hie download of the 
data list is initiated to any telephone subscnt>er units in 
which the prc-storcd version number does not correspond to 
the received version number. 

30 

BRIEF DESCRIPnON OF DRAWINGS 

FIG. 1 is a block diagram of a cellular radiotelephone 
system constructed in accordance with the p-esent invention. 

FIG. 2 is a block diagram of a cellular niobile radiotele- 
phone (CMR) used in connection with the system of die 
present invention. 

FIG. 3 is a block diagram of a remotely programmable 
unit (RPU) portion of the CMR of the present invention. 
40 FIG. 4 dq;)icts an alternative subscriber handset 

FIG. 5 is a flow chart dq)icting the operation of the 
present invention. 

FIG. 6 is a flow chart depicting a sub-routine included in 
the operation of the present invention. 
43 FIG. 7 is a block diagram of a con^rehensive system for 
providiog control data to a mobile radio telephone sub- 
scriber unit CMR. 

FIG. 8 is a block diagram depicting another example of a 
radio telephone subscriber unit capable carrying out die 
^ present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 is a block diagram of a cellular radiotelq)hone 
55 system 10 within which the metfiod of the present invention 
is practiced. System 10 includes a multiplicity of cellular 
inobile radiotelephone subscriba unit (CMRs) 12. The 
precise number of CMRs 12 is not a critical feature and may 
range from a few to many tens of thousands. As is 
60 conventional, each of CMRs 12 is capable of communicat- 
ing with cither an "A" type cellular system 14 or a type 
cellular system 16. Those skilled in the art understand diat 
A cellular systems communicate over a first set of prede- 
termined frequencies while B cellular systems communicate 
65 over a second set of [^redetermined frequencies, the first and 
second sets being selected so that int^erencc between die 
two sets is avoided. 


02/02/2004, EAST Version: 1.4,1 


5J6K618 


5 

Cellular systems 14 and 16 eadi include several spaced 
^art cells deilned by antennas 18. Communication coverage 
over a geographic area is achieved through frequency chan- 
nel manipulation between the cells. Moreover, both an A 
system 14 and a B system 16 may reside in a single 
geographic area. When a CMR 12 has subscribed to service 
at one of systems 14 and 16 in a single geographic area, that 
system is a home system for the CMR 12. The other of 
systems 14 and 16 in the home geographic area, and systems 
14 and 16 located in aU other geographic areas are foreign 
systems to the CMR 12. As is conventional, when CMR 12 
is operating on a foreign system 14-16. CMR 12 is roaming. 

All of A systems 14 and B systems 16. regardless of dieir 
designation as a home or foreign system, couple to and 
qjerate as an integral part of the public switched telecom- 
munications network (PSTN) 20. PSTN 20 includes all the 
conventional cellular radio systems, cellular switching 
systems, trunks, satellites, and Land-wired switching systems 
which are well known to those skilled in this art. 

System 10 also includes a remote programming (RP) host 
22. which couples to PSTN 20 through at least one. but 
prcfaably many, subscriber loops 24. RP host 22 is a 
computer system that remotely controls the programming of 
CMRs 12. Generally speaking, RP host 22 periodically 
engages in data communication sessions with CMRs 12. 
During such sessions RP host 22 and a CMR 12 exchange 
data. Thus, data tables, timing data, predetermined telephone 
numbers, modes of operation flags, virtually any item of 
plication data, and executable machine code utilized 
within CMR 12 may be altered as a result of such sessions. 

FIG. 2 is a block diagram of one example of a subscriber 
unit CMR 12 that can be used in connection with system 10. 
CMR 12 includes a handset 30 which is coupled through a 
iirst serial data bus 32 and a first audio bus 34 to a cradle 36. 
Handset 30 includes a display 38 and an array of keys 40. 
Together, handset 30 and cradle 36 are referred to as a 
control unit (CU) 42. CU 42 is a conventional control unit 
that performs functions which are well known in the art of 
cellular telephony. 

A second serial data bus 44 and a second audio bus 46 
interconnect cradle 36 with a remote programmable unit 
(RPU) 48. In addition, an ignition input 52 to RPU 48 
couples to the ignition of an automobUe (not shown) in 
which CMR 12 is installed, RPU 48 regenerates serial and 
audio busses 44 and 46 as serial data and audio busses 56 
and 58. respectively. In addition. RPU 48 has a simulated 
ignition output 60. Busses 56 and 58, and output 60 couple 
to a conventional transmit-rcceivc unit (TRU) 62, As is 
conventional, an antenna 64 through which TRU 62 com- 
municates with antennae 18 (see FIG, 1) also couples to 
TRU 62. RPU 48 may represent a kit which is installed 
between a conventional CU 42 and a conventional TRU 62 
oi a conventional CMR, The use of conventional CMR 
equipment as a platform to which remote prograramability 
hardware is added reduces costs due to the mass production 
of such conventional equipment. Preferably, RPU 48 is 
physically mounted on CU 42. 

FIG. 3 is a block diagram of typical hardware included in 
an RPU 48 such as diat depicted in FIG. 2. As shown in FIG. 
3, a microprocessor and logic section 66 is coupled to serial 
data bus 44 and to an internal address/data/control bus 68. 
Through bus 68. section 66 comnmoicates with a random 
access memory (RAM) 70. a non-volatile, read- write 
mem ory 72, such as an electrically erasable PROM 
(EEPROM). a timer 74. and a data pit of a modem 76. 
Those skilled in the art will understand that RAM 70 is one 


6 

example of a volatile read-write type of memory, and 
battciy-backfid-up RAM and other memory devices may 
serve as non-volatile read-write memory 72. An audio port 
of modem 76 is additionally coupled to audio bus 58. and 
5 timer 74 preferably is coupled to an intcmipt input of section 
66. 

Microprocessor and logic section 66 generally control the 
operation of RPU 48. In conjunction with timer 74, section 
66 maintains a clock and calendar. Moreover, power is 
jQ continually supplied to section 66, timer 74. and supporting 
sections of RPU 48 so that data describing the date and time 
remain current even when ignition to a vehicle in which 
CMR 12 is installed is "off*. 

Modem 76 is a conventional modem circuit. 
Consequently, modem 76 recognizes audio signals on audio 
bus 58. Likewise, modem 76 supplies audio signals to audio 
bus 58. Modem 76 preferably operates at conventional data 
rates, sudi as 300. 12(X). ot 2400 bits per second, depending 
on control data supplied by microprocessor section 66. 
^ Coimnunicated data and control data, such as carrier 
detection, are communicated to and from microprocessor 
section 66 through bus 68, On the other hand, ring detection 
is carried out by microprocessor section 66 monitoring data 
commands on serial data bus 56. 
^ Section 66 senses the state of ignition signal 52. In 
addition, section 66 senses the state an output from a 
signal detection circuit 80. Signal detection circuit SO 
includes first and second tone decoders 82 and 84. respec- 
tively. Inputs of tone decoders 82 and 84 are coupled to 
^ audio bus 58. and ou^ts of tone decoden 82 and 84 are 
coupled to inputs of a logic element 86, which performs a 
logical AND function. The output of element 86 serves as 
the ou^ut of signal detection circuit 80 and is coupled to a 
sensing input of section 66. 
35 Signal detection circuit 80 is configured to detect a 
predetermined login audio tone. In the preferred 
embodiment, this login tone includes two predetermined 
frequencies, labeled as **C" and **D" in FIG. 3. Frequencies 
C and D are selected so that the login tone is as unique as 
possible within normal teleconununication. 

The mcdiod of the present invention is practiced, at least 
In part, by RPU 48. As discussed above. CU 42 and TRU 62 
(sec FIG. 2) are provided by conventional nonremotely 
progranunable cellular radiotelephone equipment. 
45 Specifically, in the prefeired embodiment, a cellular tele- 
phone manufactured by the OKI corporation as model 
EM-23 serves as CU 42 and TRU 62. GeneraUy speaking. 
microjH-ocessor and logic section 66 of RPU 48 practices 
this method by executing programming instructions stored 
50 in memories 70-72. This m^hod involves, at least in part 
the processing of data to control the operation of system 10 
(sec FIG. 1). Some of the specific processing tasks per- 
formed by the preferred embodiment are directly related to 
the data messages and data formats dictated by the above- 
55 mentioned OKI model EM-23 cellular telqshone. However, 
other conventional cellular telephones have similar or iden- 
tical types of data messages and can be adapted by those 
skilled in the art for use in connection with the present 
Invention. 

60 Another illustrative example of a microprocessor-based 
telephone system operated in accordance with the present 
invention is described below. This examples uses an auto- 
mobile cellular phone as an example, but it will be under- 
stood by those of ordinary skill that the invention can be 
65 implemented in virtually any telecommunications system. 
FIG. 4 depicts a typical automobile cellular telephone unit 
42 having a unique mobile identification number (MID) 
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on the pre-stored preferred SID list, a dctemunatioii of based upon a prcdctcnnined difference between the RSSI of 

"YES" is made at step 504 and the process continues to point the selected SID and the highest RSSI of any received SID 

A at which sub-routine 505, as depicted in FIG. 6 can be found on the priority list Since the whole purpose of this 

carried out. comparison is to bias the system in favor of staying with a 

After sub-routine 505 is carried out, the subscriber unit 5 ^^^^ priority SID based on the preferred SID list, the size 

acquires a carrier frequency corresponding to the single of the* Vindow" or of any other threshold can be determined 
received SID as depicted at step 506. Once the carrier (oia weU-known statisUcal techniques, 
control frequency) is acquired, the handset initiates regis- However, such techniques are not necessary. A system 

tration with the system provide- corresponding to the single ""^^^f ^^^^ arbitrary value based 

SID resulting from the con^arison of the received SIDs with lO "pon his or hw own judgment reflecting a trade off between 
a preferred SID list. It is noted that sub-routine 505 at point "^^^^^ predetermined priority for 

A is optional and can be used or deleted depending uponthe '^}^'^'^ ^^^^ provide. If the RSSI ctf the selected SID is 
constraints of the ovcraU system as well as the privities of predetermined limits at step 50S>, the process 

the system operator. moves to point A for the option to undergo sub-routine 505 

J ^ IS as illustrated in FIG. 6. As wcviously stated, this sub-routine 

There are other circumstances under which a plurality of ^e bypassed at the diJSction of the system operator. If 

posmvecompansons wiL^^ ^^1^^ unchanged af^ point^carrier 

mSr^lt w"'*"** " T^t^ ''^^'^^^ ' ^^^'^-y the Elected SID is 

must choose, mre are a number ways of making dus conducted at step 506 as pSviously described, 
choice. In the conventional art, usually the first received SID if i>cct fk* «i ^ oxi^ • ♦ u.- 
found in the fir^t positive comparison is selected as the ^ .Z^li^L L^!':^^ "^'^ "^Tl"' 

service provider with which 7c subscriber handset wiU L^^.u^l"'^ ''f^ ^ ^^m '1°"^^ ? 
register. This approach can be used with the present inven- ^ t^. .^^T^m^ 'f"^'^'' 

tion as long as each frequency band is scannS and at least f„\ a ^T^J^ t v' 'T' "^"^'^ 

one received SID horn eadi band is stored in the subscriber l^^T • -Jl ° ? ^ '^'^ 

25 P"^*^ earner frequency The selection of the alternate SID 

' can be based upon the received SID on die preferred SID list 

The present system provides techniques ttiat ensure having the highest RSSI. An alternate routine is also possible 

greater chances of successful communication being carried 35 indicated by alternate 511 on HG. 5. In this alternate, the 

out between the subscriber unit and the selected service alternate SID is based upon a level of priority of a received 
provider One such technique is the assignment of piority 3^ siD as determined by the priority of the SIDs on the 

withm the prc-stOTcd rrcfcncd SID list in the subscriber's prefarcd Ust stored in the subscriber unit CMR. Taking diis 

staaoa Such pnonty could be based upon contractual con- alternative, a determination is made at step 508 if the new 

sidcMtions. However, diis is not necessary. Ratht?, priority (alternate) SID has die highest RSSI (of all received SIDs 

can be based upon RSSI or other system characteristics of found in the preferred SID Ust). Tlie process of steps 508. 

the service provider that might further enhance the quality of $09 and 510 is repeated as before 

cominunication between the subscriber unit and the system piG. 6 is a flow chart depicting an optional sub-routine 

provider, as wcU as enhance comrnunlcation between parties that can be carried out at point A of the FIG. 5 flow chart 

LviirZf ^t^n^ 'n^^rV^^' ^"^^^ the sub-routinc, the SID selected in 

provider. One cmenon for such pnoritaanon can be die ^he flow chart of HG. 5 can be toe SID with which the 

selection of a partioilar band such as the PCS bands under ^ .naming subscriber unit registers by acquiring a control 
certain condxuons. However, other characten^cs ofparticu- 5^*. Howevrthere Ly be circumstances 

^nSon^Ic il^^^^^ "^'l ^ ''"'''/^ "'^'^^ whidi tiiere is a wide disparity between die RSSI of 

ri^r r^l^^ n^^^^^ ""a «>"^"^^<^^J"Pf- recewed SIDs found on the pref^d SID Ust and the RSSI 

nor to tha^ of other savice provites accessible the ^f received SIDs not found on the preferred list, 

subject subscriber urn ConsequenUy. some balancing must be done between t^e 
r^SLlm^.^^^^^^^^ "^T7^f''U'.:T'.^''t « ^'^^^ P^-ider and the necessity 

k 1^^^ WeH^^^^^^^ 1^ of high quaUty communication. Hiis balancing has 

IS most prefeaed for registration with the subscnber umt ^^^^ ^y some of the steps ii the 

At step 508, the RSSI of the selected SID having the flaw diagram of FIG. 5, However, this is limited to a 

highest priority is compared to the RSSI of each of the 50 congxuison of the RSSI of those received SIDs found on Ae 

received SIDs having a positive comparison widi the pre- preferred SID Ust, Other received SIDs may have much 

stored SID Ust in the subscriber unit If the selected SID has higher signal strcngdi readings, making them better candi- 

tfie highest RSSI of this group, the process moves to point dates for con^<^on ctf a caU even though the avaUable rates 

A and the option of carrying out sub-routine 505. If the arc not as low as those from service providers on the 

selected SID is unchanged by subroutine 505, the control 55 prefciTed SID list 

frequency corresponding to a service provider having Ae At step 601, the RSSI of the selected SID is compared 

selected SID is acquired by the subsolber unit and regis- ^ith that of all the odier received SIDs to determine if the 

tration earned out with that system provider. rsSI of the selected SID is the highest If this is the case. 

If the selected SID does not have a highest RSSI of the then the control carrier of the service provido- associated 

received SIDs having a positive conq^arison widi the pre- 60 with the selected SID is acquired by the subscriber unit and 

stored preferred SID list a biasing process is conducted at registration carried out If, on the other hand, the selected 

step 509. The biasing process is used to favor a selected SID SID does not have the highest RSSI of aU of the received 

having a higher |ffiority but a lower RSSI (or other signal SIDs available to the subscriber terminal a comparison wiU 

characteristics) than other received SEDs found on the pre- be made at st^ 602 between the RSSI of the selected SID 

ferred SID Ust One technique is indicated at stq> 509 and is 65 and that of tfie available SID having the highest RSSI value, 

constituted by a determination that the selected SID is within This step can be conducted in the same manner as done at 

a predetermined tolerance 'Vindow". This '^window" is step 509 in FIG. 5. The selection of a "window" or a 
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stored id a suitable location such as an electrically erasable supply, any of which may possibly be implemented as part 

programmable read-only memory (BEFROM* not shown). of a custom semiconductOT chip. 

Telephone units of this kind are well known in the ait and are it will be understood that telephones used in typical 

described here only in sufficient detail to aid understanding cellular systems are capable of generating both dual tone 

die invention. 5 multi-frequency (DTMF) signals (DTMF signals produced 

The telephone unit 42 includes a handset 44 having a by Bell telephones are referred to by the *Touch-Tone'' 

keypad 45; equivalently. the keypad 45 could be located trademaik) and EIA standard IS-3-D cellular control signals, 

separately from the handset Also included in the telephone The present modified handset used to carry out the present 

unit 42 arc a speaker 46 and a microphone 47, shown as invention can be programmed to handle both registration 

being mounted within toe handset 44 but eidier or both of lo and hand-off in accordance with the operation deleted in 

which could equivalcntly be mounted apart from the FIGS. 5 and 6, or can be arranged to accommodate varia- 

handset, either separately (e.g., in a telephone operator's tions which would occur to those skilled in tiiis art. It is 

headset or in wall mountings), or a^^oximatdy togetiio: noted that FIGS. 5 and 6 depict one exan^>le of an optimal, 

(e.g.. in a waUde-taikie or speakerphone conAguration). conqnchensive system that it preferably ^lied in the 

A transceiver 4S, ordinarily built into the telqjhone unit registration operation of a roaming subscriber uniL 

42. exchanges signals via an antenna 41d) with a Mobile The present invention operates using the aforementioned 

Telecommunications Switching OflSce (MTSO) typically via modified handsets or any equivalent tficreof in accordance 

radiotelephone signals relayed by one of several cell sites 11 with the process depicted in FIGS. 5 and 6. As previously 

that are in turn connected with the MTSO via a landline. The stated^ the SID is part of the overiicad message that is sent 

MTSO is ordinarily connected with a telephone con:q)any ^ to the mobile subscriber unit when it is powered up. and 

switching unit via a high-capacity landline or similar con- periodically diereafter. Normally when a mobile subscriber 

nection. unit CMR is powered up, it scans the wireless systems 

A stams display 413 shows the status of the telephone unit operating within proximity to the mobile subscriber unit 

42. The status display 413 typically includes a NO SVC taking signal strength readings in the various available 

indicator to show that no cellular telephone service is ^ frequency bands (cellular A and B. and PCS). This step is 

available; and a ROAM indicator to show that the td^hone depicted at 501 in FIG. 5. 

unit 42 is outside its usual service area. At step 502, at least one SID for each of the bands, as well 
The transceiver 48 and antenna 410 are shown as being as the corresponding Received Signal Strength ladication 
separate from the handset 44, but either or both could ^ (RSSI) is stored at the subscriber unit. This function is 
equivalcntly be built into the handset The MTSO could prefaably carried out in RAM 70 of FIG. 3 or in the logic 
equivalcntly be anoth^ telephone or similar unit if both circuitry 414 of FIG. 4. Normally only a single SID and its 
telephones had appropriate signalling, switching, and call RSSI are recorded for each of die bands. However, on a third 
processing capabilities. or C band that is normally dedicated to Personal Commu- 
Those of ordinary skill having the benefit of this disdo- 35 nication Systems (PCS), at least two SIDs and their RSSIs 
sure will appreciate that the signal exchange may utilize any will be stored by the subscriber unit 
of a wide variety of transmission systems that are equivalent The present invention also encompasses the capability of 
for purposes of this description. These include, for example, selecting and storing more than one SID for each of the 
radio, electrical-type wire (such as telephone landlines). bands scaimed. One example of such a situation is in areas 
modulation of li^t beams (e.g.. in fiberoptic networks or 4Q at the interface between two service providers. Another 
laser beams), and so forth. The signal exchange may use one exanqile is found in hand-off situations. In both sudi 
or more of these media alone or equivalently in combination. situations, the two strongest signals for each of the scanned 
Whether specific components such as the antenna 410 are frequency bands will be selected and stored by the sub- 
needed for a given in^lenaeotation of die invention will scriber unit 

depend in pact on the transmission system selected for 45 At step 503, die SIDs of the scanned signals having been 

implementation. selected and stored are conq^ared with a list of SIDs for 

The (^>cration of die telephone unit 42 is controlled by preferred syston providers. Such system providers usually 

logic circuitry 414. The logic circuitry 414 may be imple- have a spedal contractual relationship with the home service 

mcnted in the form of a microprocessor which executes provider of the roaming subscriber so that the subscriber 

program statements stored in a storage device such as a 50 receives preferential treatment normally in the form of 

read-only memcwy, or equivalenUy by discrete logic com- lower usage rates. The list is normally pre-programmed into 

ponents or one or more custom semiconductor chips. either a spedai menKoy such as ^PROM 72 (FIG. 3) or a 

Those of ordinary skill will appreciate that a sequence oi microprocessOT and logic circuitry 414 (FIG. 4). However, 

numbers to be dialed by the telq)hone unit 42 is processed storage of the preferred SID list corresponding to preferred 

by the logic circuitry 414 generally as follows, bodi in die 55 service providers can be carried out in any manner that 

prior art and in connection with the invention. Under control would occur to those having skill in this art. The preferred 

of the logic circuitry 414, the transceiver 48 transmits a SID list can also tie modified or updated in any practical 

cellular control signal to a cell site 411 over a signalling manner that would occur to one skilled in this art. The 

channel The control signal includes a request that the con^arison operation is a simple logic opmtion meant to 

MTSO dial a specified telephone number and assign a voice 60 identify die received SIDs cc^responding to those on the 

frequency or channel for use by the telephone unit 42. preferred SID list stored in the subscriber unit CMR. This 

The telephone unit 42 includes a read-write memory 416, comparison can be as extensive as necessary depending 

accessible to the user and whose contents will not be affected upon the number of received SIDs and the fiill extent of the 

by telephone power-downs of ordinary duration. For pre-stored prefentd SID list. 

example, the memcsy 416 may equivalently comprise an 65 At step 504, a determination is made as to Aether one of 

EEPROM programmable by die user, a CMOS memory the received SIDs is on the preferred SID list stored by the 

chip, or a conventional RAM with an independent power subscriber unit If only a single received SID is found to be 
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'threshold" depends upon the system operator's balancing 
of die desire for a hi^r priority service provider and the 
Deed for the highest quality communicatioa. If the selected 
SID is within the tolerance ranges dictated for the step at 
602, then the control frequency carrier of the system pro- 
vider coirespoDding to Che selected SID is acquired and 
rcgistxaticMi carried out. 

If. on the (Mher hand, the RSSI of the selected SID is not 
within the limits set at st^ f02, an alternate SID must be 
selected as indicated at step ^3. Based i^n the process 
earned out in FIG. 5, the selected SID is assumed to be that 
having the highest RSSI of all of the received SIDs on the 
preferred SID list stored in the subscriber unit. 
CoosequenUy. the only alternatives available for siq>erior 
call quality will be received SIDs not found on the preferred 
SID list stored in Ihe subscriber unit Since there is no 
priority among the received SIDs not on the {H-cfcrrcd SID 
list. &e SID having the highest RSSI will be selected to 
ensure the highest call quality. Consequently, at this point 
the selection of an alternate SID will be limited to a single 
choice. 

It is noted that with the proper selection in criteria ^^lied 
at st^ 502 in FIG. S, steps 509 and the entire sub-routine of 
FIG. 6 can be eliminated. This would require that only those 
signals that have a sufficiently high RSSI for high quality 
communication wHl be considered, thereby obviating addi- 
tional checks of RSSI for a selected SID. It is further noted 
that the use of steps 509 and 602 for additional RSSI 
comparison is necessitated only when there are a plurality of 
accepuhle SIDs found on each of the frequency bands. 
Ncnnally this is not the case in the A and B bands. The C 
band which is expected to be dedicated to PCS use, on the 
other hand will i^vide a plurality of SIDs so lhat at least 
two SIDs will be selected and stored (at step 502) for the 
PCS band. It is further noted that there may be more dian one 
PCS band, and eadi of these bands will provide at least two 
SIDs to be selected and stored at step 50X As previously 
stated, if the threshold parameters at step 502 are set high 
enough, even &e PCS bands will normally not provide more 
lhan one candidate SID for selection and storage. Such 
threshold parameters arc adjustaMe based upon the traffic 
band allocation and odier parameters known to the system 
c9>erators and designers. The thresholds tiiroughout die 
entire process depicted in FIGS. 5 and 6 are variable, and as 
previously stated, can actually be used to eliminate some of 
the steps as t>eing redundant The key to the operation of the 
present Invention is tiic use of at least one signal from each 
of the bands for selection and storage, and later comparison 
to the preforcd SID list 

While registration of a roaming subscriber unit is nor- 
mally limited to the selection and storing of a single SID 
from each the available bands during registration (except 
at the boundary between service providers), this is not the 
case for hand-off occurring at the boundary between cell site 
base stations. Because of this interface, there will be more 
than one strong signal on each of the bands. Comequently, 
it is necessary for the system to select and store ttit two 
strongest sigiials from each of the available bands. 

The process deleted in flow charts of FIGS. 5 and 6 can 
be used to bias hand-off from a preferred service provider to 
a non-preferred service provider. Sudi biasing would take 
place at step 506 (FIG. 5). This Wasing would inhibit 
hand-off from a weakming preferred service jHovider to a 
non-preferred service parovider having a much stronger sig- 
nal As previously stated, the ratio between die two signals 
could be the key factor for determining when the delayed 
hand-off should finally take place. Thus, a modified version 


12 

of HG. 5 could be employed as part of the overall hand-off 
sequence. The SIDs available for hand ed would be selected 
and stored. The received SIDs would be con^>arcd to the 
stored preferred SID list to determine if a preferred SID was 

5 available for hand-off. A preferred SID could be selected 
based upon signal strength or priority of the st<^ed SID list 
Afinal ccmiparison of the RSSI of the selected SID could be 
made to that of the strongest availaUe SID. In this step, the 
biasing factor could be applied balancing the desire to use a 

10 preferred SID against the necessity for hig^ quality signal 
characteristics. Based upon this last evaluation, either the 
selected prefarcd SID can be used as a hand-off target, or 
the strongest non-preferred SID can be used. In the latter 
case, hand-off from a preferred SID to a non-preferred SID 

IS can be delayed based upon differences in signal strength or 
any odier factor that could be derived through n<Hinal 
statistical analysis. Such a statistical analysis is not neces- 
sary since the factcn: could be based solely on the judgment 
of the system operator. 

20 It is significant to note that the present invention can be 
used to accommodate virtually any contracmal arrangement 
between service providers, encompassing a wide range of 
system provider status and priority. These priorities can be 
balanced against measured signal parameters based upon 

25 virtually any criteria selected by the system operator. The 
purpose of any biasing done in this balancing between the 
two factm is done with the purpose of maintaining accept- 
able communication quality while keeping the price to the 
subscriber as low as possible. 

^° It is noted that the operation of selecting the most appro- 
priate availaUe service provider based upon the pre-stored 
preferred SID list can be manually negated. This is most 
easily done through keypad 45 (FIG. 4). However, the 
manual override control is not limited to the deleted 
keypad. Rather, any control device occurring to one skilled 
in this art can be used with a handset modified in accordance 
with the present invention. 
Because contractual relationships between system provid- 

^ ers diange, changes in the preferred SID list stored in the 
subscriber units will be necessitated from time to time. As 
previously described, updates of the prefeaed SID list can 
be entered manually using the keyboard on the subscriber 
handsel. However, this process requires instructions from 
the service provider as well as a concerted effort on the part 
of die subscriber to make the necessary changes. Purser, a 
subscriber does not normally know when to conUct the 
service provider to receive updates in a timely fashion. It is 
also noted that a system provider may wish to download data 

^ in addition to that contained in the preferred SID list to 
individual subscriber units. Consequently, manual down- 
loading of the preferred SID list and any acoon4>anying data 
is inappropriate. 
To brtter serve the subscriber, the iqjdaled preferred SID 

ss list should be automatically downloaded from the service 
provider to the subscriber handset as soon as the changes to 
the SID list have gone into effect Ftoher. for the conve- 
nience of the subscriber, the downloading operation is best 
conducted in a transparent manner, that is. the subscriber is 

50 unaware when ttie operation is t)eing carried out The only 
indication that need be made to a subscriber is a display of 
the most recent version of the updated preferred SID list 
provided when a manual request is entered by the subscriber 
using the handset keyboard. 

65 In order to cany out the aforementioned service of the 
subscriber, it is necessary to establish a wireless bidirec- 
tional communication pa^ between the subscriber unit and 
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a remote control center. The subscriber unit is activated witb the service provider ccnta 105 via the radio antenna 

when it is to receive the updated preferred SID list, as well 104 and base station 102, the bidirectional link 103, the TSO 

as other data, over the communication path. This path can be 100 and die other bidirectional link 106. Once the commu- 

constituted by both wireless and Undlincd links, dq>cnding nication path is estabUshed between the tclqjhonc set 101 
upon the characteristics of the service provider. The sub^ 3 and the service provider center 105, the subscriber/user can 

scnber umt can be selectively activated by Ac service ^eibally. or by means of the telephone set dial, convey to an 

Se^^'^iTir^ w Tf"^ P^"^ ^'"^^ « ^ station 108 any requested 

f.1^tr^Jl LT^^^ " gencrd broadcast AuOion- ;i^criber-specific infoimation. In accordance with^ fllus- 

zation for canymg out this commumcatton can be initiated f.^^-,,^ ^^ui^i ^ *u . i^i. * • • 

withinthecommunicationsystemoftheserviccprovider.or ^^^^^ve embod^nt. the telephone se^ ^ 
canbeinitiatedbythcsubsciibcrtfiroughthesubscriberunit ^^'f^ key 109 adapted to badge an audio 
handset. In either case, identificaUon (of the subscriber unit) ff't f 71 "^^"^ /^^ur":^^ 
is necessaiy to cany out a "handshake" process, assuiSg currenUy esubhshed corn- 
that the proper subscriber unit is receiving the propi ^umcation path witti f °ter 1^^^ turn, the 
infonnation from the service provider communicaUor^^ the attendant stabon 108 would bridge an audio 
tern. One method for placmj the subscriber unit in^e transrmtter located a^ the center onto &e communi- 
program mode (to reccid die Updated prefeired SID Ust) is ^^f^l^^ "l""^ '^"''^'^ 
receiptof the predetermined scWe of tone signals uskg tt^T "^'"^^^ ''^"P^^"' f signal ra:eiver so 
a Dull Tone Multi-Frequency (DTMF) receiver in the sul^ ^Lt'^riJ! '"^^""^^ mformaUon 
scribcr unit handset directly into the set 101. 

Shown in FIG. 7 is a schematic r^scntadon of a ^ mentioned above, the information intended to be 

wireless cormnunication configuration which illustratively telephone set 101 is specific to the 

includes a tele^ione switching office (TSO) 100 which is s"Dscnber owner or lessee. In the case of ceUular mobUe 

adapted to link a wireless telephone set 101 into a regional communication services, such infonnation is referred to as 
or nationwide telephone nctworic (not shown). Abase station „ Number Assignment Module (NAM) designation paiam- 

102, coupled to the TSO 100, via a bidirectional communi- ^ f /V"* designations that can be 

cation Unk 103, is arranged to be in radio frequency com- '^Tn ^ downloaded uito die telephone set 101 are listed in 

municaiions with the wireless telephone set 101 via a radio following table: 
frequency antenna 104. Also shown in schematic form, is a 
communications service provider center 105 ad^ted to be 
coupled to the TSO 100 via another bidirectional Unk 106. 
The service provider center 105 includes, inter alia, a 
telephone private branch exchange (PBX) 107, and a sen^ice 
attendant station 108 coupled to the PBX 107. It is well 
within the spirit and scope of the present invention that the 
wireless telephone set 101 may indude a fixed wireless 
telephone station, a mobile/cellular teiej^one set or a 
cordless-type telephone set 

Noimaily a mobile wireless telephone set, such as dis- The service operator at die station 108 can either use a 

closed herein, may not initiate and complete radiotelephone 40 telephone keypad as means for generating and transmitting 

calls until it is registered with and audiorized for service by the above NAM designation parameters, or alternatively can 

a service provider. All regular radiotelephone communica- enter the above-listed information into a daU terminal, e.g. 

tion channels are blocked to unautiiorized callers who arc a computer, that is coupled to a signal transmitter, e.g. a 

not registered and authorized for service. Virtually all ser- DTMF generator. In the above example, a total number of 

vice p-oviders however do provide continuously unblocked 45 NAM characters to be transmitted includes 30 digits, with 

service channels for permitting mobile wireless telephone each digit having a value of 0 through 9. With the addition 

sets to communicate with tfic service center without having of an initial character to denote die beginning of iransmis- 

prior registration and autfiorization. This is typically a 611 sion (e.g. "♦"), an ending diaracta: to indicate die end of 

number and may be accessed by any handset whether it is transmission (e.g. and, foff exan^le, a three-digit cycUc 

presenUy authorized <x not ^ redundancy chedc (CRC) coding segment, die infonnation is 

The principles and features of die present invention shall transmitted as follows: 
be hereafter described in connection with FIG. 7. Upon the 

purchase lease of the wireless telephone set 101, a 'O002220i3866366O6i003346366ni#BBB 

prospective subscriber would be assigned by the vendor or wherein BBB is a CRC 8 checksum byte. Once the above 

IcssOT a vaUd wireless (ccUular) telephone number which 53 information is received, detected and stared in the tclq>hone 

typcally would include an area or regional code numba- set 101, die latter is switdied back into normal (i.e., voice) 

foUowcd by a station number. In order f<z die subscriber to telqjhone service operation at which point the subscriber 

be able to use the wireless (ceUular) telephone set 101, a user is hrformed by the service operator that die telephone 

telephone service provider or reseUer, of the subscriber's set 101 is fully programmed and ready for use. 

choice, must authorize such use by programming the set 101 eo Another example of a subscriber unit handset configured 

so diat it is identifiable widiin the wireless telephone net- to carry out the downloading operation of the present 

work as an authorized and legitimate wireless service invention is depictod in FIG. 8. The subscriber unit CMR 

subscnber/user. includes a radio transceiver portion 801 which includes a 

One method of programming cellular subscriber unit 101 radio frequency receiver/transmitter 802 coupled to an 

is achieved by having die subscriber dial, out of the set 101, 63 antenna 803 and adapted to receive and transmit signals 

a predetermined service center number to first establish a from and to a base station, e.g. a mobile cell site, or another 

oonununication path over die unblocked service channel wireless telephone. Coupled to the receiver/transmitter 802, 
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via a bidirectional message connecting lead 204. is a pro- home service provider. While it is possible to update the SID 

cessor SOS capable of receiving and processing system list of a roaming subscriber, this c^>eration requires addi- 

message-type signals. Also coupled to the receiver/ tional manipulations resulting in a more complc^i operation, 

transmitter 802, via anotber bidirectional lead 806, is a Downloading within the geographic area served by the home 

processor 807 adapted to process data signals as well as 5 service provido" is also prefcraUe since the home service 

audio signals oiiginaling received at the wireless tele- provider may customize the operation of local control. If a 

phone 800. Audio and data signals present on lead 806 are subscriber uses a Group ID Mark (GIM) of ten. the sub- 

those signals intended for and derived from the antenna 803. scribcr's handset will only recognize local commands at the 

Within the radio transceiver 801 a conttoUer 808 is ^^^^ significant ten bits of the received SID matdies the 

coupled to the message processor 805 and fee audio pro- ^^^^ significant ten bits of the pre-programmed SID stored 

cessor 807. via a control bus 820, which is also cciipled to . t^^^c tkot X^nt^/.i t^««v«ii« 

the receiver/transmitter 802. A voice handset interface dr- ban<Uet This imphes that l^conm>l will typically 

cuil 809 interconnects the audio processor 807 and a tele- workonly for home mobile subscnbers. or meet 

phone handset 810. In accwdance with one illustrative the above-menUoBed cnlaia fw roamm 

Snbodimcnt, interposed between the voice handset interface ^ P^^^^ downloading updated piefcired SID Usts 

809 and the radio transceiver 801 is a mode switch 811, 15 foUows standard registration protocol m which cuirent WOTd 

which in turn is coupled to a signals receiver 812. The latta <^«itrol arc as foUows. The Forward Control 

is coupled via lead 814, to the transceiver controUar 808. Channel (FOCQ is sixteen bits; the Reverse Control Chan- 

During the remote programming, or NAM designation nel (RECC) is five bits; the Forward Voice Channel (FVC) 

parameters downloading, of the telephone set 800, the mode is five bits; and the Reverse Voice Channel CRVC) is five 

switch 811 diverts signals received at the antenna 803 and 20 bits. Normally these fields are errar-coirectcd. 

present on ou^Kit lead 813 of the audio processor 807 to the In a first version of the present invention for downloading 

signals receiver 812. The signals receiver 812 may be an i^Klated preferred SID list to subscriber units, the version 

selected among known commercially available receivers. numba of the current SID list is maintained in a central 

such as, for example, the Hitachi HD404678 4-bit micro- controller (such as service fffovidcr center 705 in FIG, 7), 

processor with an integral DTMF receiver. In the case where 25 During the downloading operation, the current version num- 

the programming signals out of the audio processor 807 and ber is broadcast over the FOCC. If a mobile unit recognizes 

present on lead 813 arc in digital form, the signals receiver that its own pre-storcd SID list is older (a lower version 

812 couples such digital signals to the controller 808 number) than that of the version being broadcast, the mobile 

wherein an internal controller processing unit 815 directs unit will initiate a SID list download over the RECC. The 

such digital information for storage in a memory circuit 30 system (preferably through a base station such as 702 in 

within the controller 808, sudi as, for example, permanent HG. 7) will complete a call to the mobile subscriber unit 

read-only memory 816. Alternatively, if the programming informing that unit that the SID table is being downloaded 

information received at the antenna 803 is in the form of a through a voice channel The system then sends the mobile 

sequence of tone signals, the receiver 812 (which in such subscriber fOTward over the FVC The first five bit word uses 

case would be a tone signals receiver) would connect such 35 four bits for the version number of the current preferred SID 

signals to an analog-to-digital converter 817 located within list being downloaded to the mobile subscriber. Normally, 

the controller 808. The digital output signals genoated by the most significant tnt is set to "one" in order for an addition 

the converter 817 would next be stored in the memory circuit to be made to the stored SID list in the mobile subscriber 

816 under the control of the processing unit 815. unit, and set to ''zero'* for a deletion from ttie SID list stored 

One technique for carrying out the updated inferred SID 40 in the mobile subscriber unit Ncunally the next three words 

list download to subscriber units would be to send the update will be the fifteen bU SID to be added or deleted. After each 

information as part of the normal overhead message that all forward transfer, a mobile subscriber unit sends a code over 

mobile units receive during their normal operation. the RECC to signify that correct completion of the transfer 

However, this technique would require changes in the ccl- has occurred. If the four words are not properiy received by 

iular industry standards. This is a long and involved process 45 the mobile subscriber unit the mobile subscriber unit sends 

and may not be considered feasible for the near fiiture. The a code requesting re-transmission over the RECC. 

overhead message can also be used to direct subscriber units After all the 5iIDs are downloaded from the comxnunica- 

to tune to another frequency capable of handling the data tion system to the mobile subscriber unit the system sends 

content of the updated preferred SID list download. a code over the FVC to the mobile subscriber unit signifying 

This could be accomplished by inserting a character into 50 that transmission is ended. The mobile subscriber unit then 

&e n<ainal overhead message. Such a character would be updates die version number of its current prefened SID list 

indicative of the current version of the preferred SID list confirming the end of transmission status over the RVC 

The subscriber unit CMR to compare this version of the SID In the aforementioned version of the present invention^ 

list with the current version stored within the subscriber unit the overhead message containing the latest version number 

If the two versions are identical, the subscriber unit need 55 of the preferred SID list is broadcast to any mobile station 

take no further action. However, if die versions do not in range of the base station making the broadcast. It is noted 

match, this difference is indicative that a new download of that the base station broadcasts are controlled by a mobile 

the updated preferred SID list must be made. The presence tdqAonc switching ofSce 700 (in FIG. 7). However, the 

of a character representing the current version of the updated present invention is not limited to this technique. In an 

SID list could also signal the subscriber unit diat another 60 alternate embodiment, each of the mobile subscriber units in 

overhead message will be transmitted stricUy for the purpose a geographic area controlled by a MTSO is individually 

of updating the preferred SID list Fot example, the addi- addressed to receive the most recent version of the prefenred 

tional overhead message could contain information directing SID list The MTSO keeps tracks of each of the subscriber 

the mobile subscriber to tune to a voice channel for the stations within its geographic area, and thus, can keep track 

updated preferred SID list download. 65 of each subscriber station that has been provided with the 

Generally, the download of the updated preferred SID list most recent version of the i^efemd SID list While a record 

is conducted widiin die geogr^hic region served by the can be kept in either the MTSO or each of the base stations 
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of each of the subscriber units within the system having the 76 in FIG. 3) capable of receiving the downloads from an 

latest version of the prefeired SID list this Is not necessary. Intelligent Peripheral (IP). The IP can be an adjunct proces- 

Rather, in the aiteraativc, each of the base stations can sor attached to a telephone switching office or MTSO 700 

automatically continue to update each of the subsaribcr units (depicted in FIG. 7). The IP wiU keep track of the latest 

wttiin Its geographic area. The subscriber units can be 3 versions erf the SID list as well as other relevant data that 

addressed sequentially for the download, and ttie sequential ^ downloaded with the SID list It is noted that the IP 

^^.^/h^^ H T entire hst of subscnbcx uni^ has ^an be part of the service provider center 7(ftS or used in any 

Sf^e^Sm^^ Z^^l^ """^ ^ ^^vanced InteiUgent Network (AIN) with which 

units is through the tcchJque of "alert and flash" carried out mobUc telq>hone switching office 700 is serviced by an SSP 

on a control channel or as part of ftc overhead message. The type switch, as part of alandline network associated with the 

"alert and flash" message contains information regarding the ^^^^ telephone system, the IP can be associated with that 

voice channel to which the subscriber unit is tuned to receive switch. A disclosure of an AIN is found in U.S. Pat No. 

further data. The "alert and flash" message also includes 5,247371 to Kay et al. (incorporated herein by reference), 

other information regarding the content of the data which is Further, the description of IPs and their use are found in U.S. 

to be downloaded over the voice channel. Such data could patent application Scr. No. 08/248,9S0 (incoiporated herein 

contain the latest version number of the jM^fcired SID list by reference). 

If that particular subscriber unit has already received that Another method of updating the SID list includes the use 

version, a comparison within the subscriber unit handset wUl of a PCS base station (similar to a cordless base station) as 

indicate that it is not necessary to tunc to the voice channel 20 disclosed in U.S. Pat No. 5 J53.331 and U.S. patent appli- 

to receive the download. Consequently, the subscriber unit is cation Ser. No, 08/321,675 (both incorporated herein by 

forewarned that it is not necessary to tune to the voice reference). The method of the present invention can be 

channel for the data download. It is noted that the "alert and carried out by a download of the updated preferred SID list 

flash" technique can be used with both analog and digital from the PCS home base station over cordless telephone 

handsets. The operation of the present invention is not 25 frequencies to the subscriber unit handset. The PCS home 

limited to either type of handset that is meant to encompass base station would be provided with the updated prefcxred 

any fom of subscriber unit tiiat can carry out the selection SID list via landline through the use of an AIN. When the 

of a service provider based upon a predetermined SID list subscriber unit handset registers with the PCS home base 

which is automatically downloaded on a timely basis from station, the registration process could include an inquiry to 

a communication system. 30 the AIN controlling of the landline system regarding the 

In the alternative, the individual subscriber unit can status of the latest preferred SID list This inquiry could be 

receive instructions specified only for that unit to mne to a part of the handshake/registration process so that once 

traffic or a voice chaimel. Upon tuning to the required registration is confirmed^ and the location of the subscriber 

channel, the subscriber unit will receive an "alert and flash" unit handset known, SID list data could be downloaded 

signal indicating the nature ofthe data to be downloaded into 35 through the AIN over COS lines, sent throu^ the SS7 

the subscriber unit. As previously described, the subscriber switch to the PCS home base station. Erom there, the 

unit can use the data in the "alert and flash" signal to relevant data could be transmitted via cordless telephone 

determine if a download is apja-opriate or not. The latest channels to the subscriber unit handset from the PCS base 

version of the preferred SID list is only one example of such station. In the alternative, the handset may be plugged into 

data contained in die "alert and flash" signal. 40 the PCS base station for a direct download via hardwire 

Other types of data can t>e used to allow a subscriber unit connections. In another version, infrared emitters could be 

to make the decision to receive the downloaded data or to used to transmit the relevant information between the PCS 

not receive the downloaded data. Using this technique, it is base station and the subscriber unit handset 

not necessary that the MTSO keep track of each of the If the Personal Rione Number (PPN) of the patent appli- 

mobile subscribers in its geographic area that have received 43 cation Ser. No. 08/321»675 is used, a request for a SID list 

the updated SID list since that responsibility can be given to download to the subscriber unit handset can be made with 

each of the mobile subscriber units. Other mobile subscriber the request for cellular call forwarding. This request can be 

units are not accessed until specifically selected since the made by the cordless base station with which the subscriber 

message is addressed to just one mobUe subsoibo- unit. unit handset as registered* The cordless base station can 

It is noted that a base station may send simultaneous 50 make the request via an AIN, or an IP associated with the 

instructions to a plurality of diflferent mobile subscriber SS7 switch feeding the cordless base sUtion. The cordless 

units, directing them to tune to s^arate (or the same) voice base station can also control the subscriber unit handset to 

or traffic channels to receive the download of the most recent request the downloading of the most recent SID list on an 

version of the preferred SID list as well as odier data appropriate voice channeL If the subscriber unit handset is 

considered appropriate. As a result, mobile subscriber units 55 to receive a download of the most recent version of the 

not designated will not receive the updated preferred SID list prefoied SID list over cellular channels, it wiU be necessary 

download. Because only those subscriber uniU designated that this be done bef OTe the cellular portion of the subscriber 

are directed to tune to the designated voice channel, a unit handset is deactivated by the base unit 

general broadcast of the updated preferred SID list as well Another technique for downloading the updated SID list 

as other relevant data, can be made on the assigned voice 60 into the subscriber unit handsel includes the use of a "smart 

ChanneL This simplifies the downloading ci the iH-efcired card" to be inserted into an appropriate interface on the 

SID list since a download can take place periodically and the subscriber unit handset Such a "smart card" would be 

system control mechanism does not have to keep track of the provided by the service provider so that manual updating of 

I^efcrred SID list status of each of the mobile subscriber the preferred SID list could be done by the subscriber. Such 

units in the geographic area of the communication system. 65 a "snoart card" could also be used in conjunction with a 

It is noted that one arrangement in a handset for receiving home base station such as that used with the PCS or PPN 

the preferred SID list download includes a modem such as systems. However, such manual downloading includes all 
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the problems and mconvenieDce previously mentioned, and 
so is generally not considered to be particularly beneficial to 
the subscriber except io those cases where maintenance ca* 
manual programming is considered desirable. 

One such case exists for the PPN system when a sub- 
scriber is roaming from his or her home geographic area, and 
desires an arrangement whereby the roaming subscribo: unit 
is considered to be in its home service provider area. In orda 
to do this, a second home base station will have to be 
programmed to accept the roaming subscriber unit as a home 
subscriber unit This can be accomplished by making an 
arrangement whereby the identification number of the for- 
eign base station is treated like a SID and programmed into 
the roaming subscriber unit handset into the prefetred SID 
list When the roaming handset is within range of the foreign 
base station, it will be recognised as a home hand set hand 
treated accordingly, resulting in a lower billing rate for the 
roaming handset. As a result, a plurality of different sub- 
scriber unit handsets having access to a plurality of different 
foreign base stations. All that is needed is that the identifi- 
cation number necessary for a handshake routine with the 
foreign base station be treated as a preferred SID and 
programmed into the subscriber unit handset that is expected 
to roam. 

The time and circumstances during which preferred SID 
list download may take place is not limited to that previously 
described. Rather, it is possible to download a SID list when 
incoming communication is being established with a sub- 
scriber unit handset. The downloading of the preferred SID 
list can take place between rings of an incoming call to a 
mobile subscriber unit, or before the subscriber at the mobile 
unit answers the incoming call. Downloading under such 
circumstances would establish beyond any doubt the identity 
of the mobile subscriber unit being provided with the 
updated jweferred SID lisL Extending this concept one step 
further, it is possible to perform the downloading of the 
updated preferred SID list in virtually any ^lace found on 
the voice channels between voice communication trafSc. 

It is noted that an updated SID list downloaded into a 
subscriber unit handset after communicatioD has begun may 
result in the recognition that communication has been estab- 
lished using a service provider diat is now considered 
inappropriate on the basis of the updated preferred SID list 
Consequently, it may be necessary to apply certain safe- 
guards to prevent re-registration with a new service provide 
once communication has already begun. While such circum- 
stances are considered rare, their occurrence may jeopardize 
high quality communication especially when hand-off is 
required. The jH-ogranmung that prevents re-registration 
during an ongdng telq)hone call is easily accomplished by 
one skilled in this ait. and requires no further elaboration. 

Likewise, techniques for bypassing the preferred SID list 
function are well known and easily carried out by those 
having skill in die art of i^ogramming cellular handsets. 
Thus, a subscriber may choose his or her own semce 
provider regardless of the prefCTences stored in the SID list 
by carrying out a manual override using the keyboard on the 
subscriber unit handset or any other q>propriate controls 
arranged to carry out such override functions. 

One exan^>le of the other data that can be downloaded 
with the updated preferred SID list is a list of calling features 
that are available from service providers associated with 
each of the SIDs. One way of handling such an arrangement 
would be for the above-described selection using the pre- 
ferred SID to be carried out and the registration with die 
associated sovice pcovidw to be accomplished in order to 
activate any of the calling features listed along with selected 
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SID. The subscriber unit handset could be so programmed to 
indicate which of the caUing features the subscriber is 
authorized to use by way of signals sent over a reverse 
control channel to the base station currently serving the 

5 subscriber unit handset. 

A manual designation could be made by the subscriber 
operating the handset of which services he or she wishes to 
have in Sect while registaed with the new service provider. 
If the progranmiing in the subscriber unit handset is con- 
sidered insufficient to indicate pr<^ authorization to use 
particular services, the MTSO of the current service provider 
could send a query to the home service i^vider to determine 
if sudi services are authorized to the subscriber. One method 
of carrying out such an inquiry could be over dedicated 
trunks connected the MTSOs of the different service pro- 

15 viders. Another system could be the use of ASS connecting 
the MTSOs of the different service providers. 

It will be readily seen by one of ordinary skill in the art 
that the present invention ^Ifills all of the objects set forth 
above. After reading the foregoing specification, one ordi- 

20 nary skill will be able to effect various changes, substitutes 
of equivalence and various other aspects of the invention as 
broadly disclosed horin. 

Although a number of arrangements of the present inven- 
tion have been mentioned by way of example, it is not 

23 intended that the invention be limited thereto. For example, 
the present invention can be adapted so that the preferred 
SID list is not necessarily placed in the subscriber unit or 
handset at the factory. Rather, it may be possible to jHrograra 
the preferred SID lists in a variety of ways. It is therefore 
intended that the j^tection granted hereon be limited only 
by the definition contained in the appended claims and 
equivalents thereof. Accordingly, this invention should t>e 
considered to include any and all configurations, 
modifications, variations, combinations or equivalent 
arrangements falling within the scope of the appended 
claims. 
We claim: 

1. A system for downloading data to radio telephone 
subscriber units, said system comprising: 

^ (a) control means for i5)dating at least one system iden- 
tifier list of preferred service providers for use by said 
radio telephone subscriber units and generating a ver- 
sion number corresponding to the at least one system 
identifier list; 

^3 (b) means fox broadcasting said version number to said 
radio telej^one subsoiber units over a radio telephone 
control frequency; 
(c) means in each of said radio telephone sul>scribex units 
for receiving said version number; 

50 (d) means in each of said radio telephone subscriber units 
for comparing said received vo^ion number to a ver- 
sion number previously stored in each of said radio 
telephone subscriber units; and 
(e) means in each of said radio telephone subscriber units 

55 for initiating and receiving a download of said at least 
one system identifier list from said broadcast means if 
said received version number and said previously 
stored version number fail to match. 

2. The system of claim 1, wherein said means for broad- 
60 casting comprise at least one cell site base station of a 

cellular telephone system. 

3. The system of claim 2, whacin said version number is 
broadcast as part of a cellular overhead message. 

4. The system of claim 2. wherein said means for broad- 
65 casting comprise means for instructing each said radio 

telephone subscriber unit to tune to a predetermined fre- 
quency. 
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5. The system of claim 4. whcrciD said ^edctcnnincd 
frequency is a cellular voice frequency. 

6. The system of claim 4. whcreiD said predetermined 
frequency is a cellular telephone control frequency. 

7. The system of claim 4, wherein said predetermined 3 
frequency is an AM broadcast frequency. 

8. The system of claim 2, wherein said base station 
comprises means for downloading said at least one system 
idendlier list to said radio telephone subscriber units. 

9. The system of claim I, wherein said control means 
comprise a Mobile Telephone Switching Office (MTSO). 

10. A system for downloading data to radio telephone 
subscriber units, said system comprising: 

(a) control means for updating a system identifier list of 
preferred service providers for use by said radio tele- 
phone subscriber units and for generating a version 
number ctHresponding to said system identifier list; 

(b) means for broadcasting said version number over a 
radio telephone frequency; 

(c) means for downloading said system identifier list to ^ 
said radio telephone subscriber units within range of 
said means for downloading; and 

(d) means for sequentially addressing each of said radio 
telephone subscriber units in range of said means for 
downloading system identifier list, and for initiating 2$ 
download of said system identifier list to said radio 
telephone subscriber units. 

11. The system of daim 10, wherein each said radio 
telephone subscrfbo- unit con^ses means for storing said 
downloaded system identifier list and means for deleting 3^ 
previously stored system identifier lists in favor of newly 
downloaded system identifier lists. 

12. The system of claim 10, wherein said means foe 
addressing comprise means for correlating each of said radio 
telephone subscriber units within range of said means for 35 
downloading to a version of said system identifier list. 

13. The system of claim 12, wherein said means for 
downloading is activated by said means for correlating to 
download a data list to a specific radio telephone subscriber 
unit identified as having an outdated vision number. ^ 

14. The system of claim 10, wherein said system identifio* 
list comprises a list of prefenred system identification num- 
bers. 

15. The system of claim 14. wherein said means for 
downloading comprise at least one cellular telephone base 
station. 

16. The system of claim 10, further con^sing means for 
Instructing said radio telephone subscriber units to tune to a 
predeteimined frequency to receive a download of the 
system identifier list ^ 

17. The system of claim 16. wherein said predetermined 
frequency is a cellular telephone voice frequency. 

18. The system of claim 16, wherein said predetermined 
frequency is a cellular telephone control frequency. 

19. The system of claim 16. wherein said predetermined 55 
frequency is an Amplitude Modulated (AM) broadcast fre- 
quency. 

20. A method of downloading data to radio tel^hone 
subscriber units, comprising: 

(a) generating a data list having a System Identification ^ 
Number (SID) list of preferred service providers and a 
version number corresponding to said data list; 

(b) broadcasting said version number to at least one of 
said radio telephone subscriber units over a radio 
telephone control frequency; $5 

(c) comparing a received version number to a pre-stored 
version number in said at least one radio telephone 
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subscriber unit; and if the pre-stored version number 
does not correspond to said received version number, 
(d) downloading said data list from a cellular base station 
into the at least one radio telephone subscriber unit in 
response to a download signal from said subscriber 
unit 

21. Hie method of claim 20. wherein said version number 
is broadcast as part of a cellular overhead message. 

22. The method of claim 21. \^erein step (d) con^ses 
the sub-step of tuning to a cellular voice diannel for a 
download of said data list 

23. The method of claim 20, wherein step (b) comprises 
a sub-step of addressing ead) radio telephone subscriber unit 
within range of a means for broadcasting said version 
number. 

24. The method of claim 20, wherein step (d) comprises 
the sub-step of storing said data list downloaded to a radio 
telephone subscriber uiiit, and altering a pre-stored data list 
in said radio telephone subscriber unit 

25. A wireless tel^honc subscriber unit for use in a 
communication system having a plurality of frequencies 
divided into a plurality of available frequency bands, the 
wireless telephone subscriber unit comjHising: 

a first memory storing a list of system identifiers of 

preferred wireless telq>honc service providers and a 

corresponding version number; 
a receiver for receiving a version number of an updated 

list of system identifiers over a wireless td^hone 

central frequency; 
a second memory storing the received version number; 

and 

a processor comparing the received version number and 
the version number of the stored list the processor 
initiating, in response to a comparison in which the 
vcnion numbers fail to match, a dowidoad of said 
undated list from a mobile telej^one switdiing ofQce, 
and storing the received version number and the 
updated list downloaded to the wireless telephone 
subscriber unit into Ae first memory. 

26. The unit of claim 25, wherein: 

the stored list is prioritized based on the corresponding 
preferred wirdcss telephone service provido-s; 

the second memory stores received system identifiers of 
available service providers, each of the available fre- 
quency bands having at least one corresponding system 
identifier; 

the processor compares the received system identifiers for 
each said available frequency band to the stored list and 
selects one of the received system identifiers as having 
a highest priority in response to the stored list; and 

the receiver acquires a radio frequency carrier corre- 
sponding to the selected system identifier. 

27. The unit of claim 25. wherein the stored list comprises 
a prioritized System Identification Numbo-s (SID) list of the 
preferred wireless telephone service providers. 

28. A system having wireless communication with wire- 
less telephone subscriber units, the system con^sing: 

a central controller generating a first system identifier list 
of preferred wireless telephone service providers and a 
first version number corresponding to the first system 
identifier list; 

at least one wireless transmitter transmitting the first 

version number; and 
at least one wireless telephone subscriber unit conq^rising: 

(a) a wireless transceiver receiving said first version 
number over a wireless telephone control frequency; 


02/02/2004, EAST Version: 1.4.1 


5,761,618 


23 


24 


(b) a nonvoiatiic memory stoiing a second prioritized 
system identifier list and a corresponding second 
version number; and 

(c) a processor outputting a download request to said 
ccDtral coDtToiler in response to a comparison s 
between the first and second version numbers that 
fails to match, the processor storing in the nonvola- 
tile memcHy the first system identifier list and the 
corresponding first version number upon reception 
by the subscriber unit from the central controller in lO 
response to said comparison. 

29. The system of claim 28. whcrdn the first system 
identifier list is a prioritized list of the preferred wireless 
telephone service providers, 

30. The system of claim 28, wherein the wireless trans- is 
ceivcr receives the first system identifier list firom the central 
controller and supplies the first system identifier list to iht 
processor. 

31. A system having wireless conomunication with wire- 
less telq)hone subscriber units, the system comprising: 20 

a central controller generating a first system identifier list 
of prefoxed wireless telephone service providers and a 
first version number corresponding to the first system 
identifier list; 

at least one wireless transmitter transmitting the first ^ 

version number, and 
at least one wireless telqihone subscriber unit comprising: 

(a) a wireless receiver receiving said first version 
number; ^ 

(b) a nonvolatile memory storing a second prioritized 
system identifier list and a ctsresponding second 
version number; and 

(c) a [H'ocessor ou^tting a download request in 
response to a comparison between the first and 


second version numbers, the processor storing io (he 
nonvolatile memory the first system identifier list 
and the corresponding first version number upon 
reception by the subscriber unit from the central 
controller in response to said comparison, and 
wherein the fiirst system identifier list is a prioritized 
list of the preferred wireless telephone service pro- 
viders and wherein priority is based on contractual 
considerations. 

32. A method of downloading a system identification 
number (SID) list of |»cfetrcd service providers to a radio 
telephone subscriber unit, comprising: 

generating a preferred SID list and a version number 
conrcsponding to said preferred SID list at a mobile 
telephone switdiing office (MTSO); 

broadcasting said version number to said subscriber unit 
over a radio telephone control frequency; 

comparing die said vcnion numba to a pre-stored version 
number in said subscriber unit, and signaling the 
MTSO to download the preferred SID list when the 
compared version numbers do not match; 

downloading said preferred SID list from said MTSO in 
response to a download signal fi'om said subscriber 
unit; and 

receiving said SID list in said subscriber unit 

33. The method of claim 32. wherein said version number 
is broadcast as part of a cellular overhead message. 

34. The method of claim 32. wherein said SID list is 
downloaded over a cellular voice channel 
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SPLIT NEIGHBOR LISTS FOR MULTIPLE 
HYPERBAND CAPABLE CELLULAR 
COMMUNICATIONS SYSTEMS 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention ^ 
The present invention relates to cellular communications 

systems and, in particular, to such systems implementing 
multiple hyperband communications capabilities. 

2. Description of Related Art 

North Amcdcan cellular communications have histori- 
cally been implemented solely in the 800 MHZ Cellular 
hyperband. This Cellular hyperband is assigned two tele- 
phone frequency bands (commonly referred to as the A 
frequency band and the B frequency band) for carrying 
communications. The A and B frequency bands include the 
paging, control and other associated signaling channels 
necessary for setting up and maintaining cellular telephone 
calls, as well as the voice channels that are provided for 
carrying subscriber telephone communications. jo 

Each frequency band within the Cellular hyperband is 
typically assigned to only one service company and is 
provided in the service area by that service con::pany. For 
example, the A frequency band is usually reserved for use by 
non-wire line communications service companies, and the B 2S 
frequency band is usually reserved for use by wire line 
communications service companies. In some instances, the 
particular communications frequency band (A or B) within 
tiie Cellular hyperband assigned to one service company for 
a given cell or service area may be assigned to a different 30 
service company in another cell or service area. 
Bulhermoret in some cases the same service com|)any will 
provide cellular communications service aaoss both fre- 
quency bands. Alternatively, the individual channels wittiin 
one frequency band may be assigned to different companies. 33 
The assignment of chaimels, frequency bands and hyper- 
bands to service providers is dependent upon many factors 
including, for example, the size of the service area, the 
number of potential subscribers and the numbo' of contract- 
ing providers. 40 

The most recent evolution in cellular conuxmnications 
services involves the adoption of hyperbands other than the 
Cellular hyperband for handling mobile station communi- 
cations. In accordance with the EIA/TIA Interim Standard 
IS-136 described in TIA project number PN3011 (the 'TS- 43 
136 specification"), and specification PN3388-1 version 
Sep. 9, 1994, four different hyperbands have now been 
specified for use In handling mobile communications. These 
hyperbands comprise the Cellular hyperband previously in 
use and described briefly above, the Personal Communica- 50 
tion Services (PCS) hyperband which has been established 
in the 1900 MHZ frequency range, and two other hyper- 
bands that are currently reserved for future use but are not 
yet fully specified in terms of their operating characteristics. 

Whereas the Cellular hyperband includes two frequency 55 
bands (A and B), the PCS hyperband in the United States of 
America is specified to include six different frequency bands 
(A, B, C, D, E and F). Thus, in accordance with the current 
IS-136 and PN3388 specifications, eight frequency bands 
(including multiple channels therein) are now available in 60 
any given service area to facilitate cellular conmiunications 
services. With the existence of the new PCS hyperband, 
different types of subscriptions and/ac services like spwcch 
quality, voice privacy, and encryption may exist from one 
hyperband to another, or from one frequency band in the 65 
Cdlular hyperband to another frequency band in the PCS 
hyperband. 
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Reference is now made to FIG. 1 wherein there is shown 
a cell diagram illustrating an exemplary cell configuration 
for implementing multiple hyperband cellular communica- 
tions services over an arbitrary geographic area (hcreinafrei 
"the service area") in accordance with the current IS-136 
and PN3388 specifications utilizing both the Cellular and 
PCS hyperbands. The service area is divided into a plurality 
of cells 10 and 20. The cells 10 are represented by 
hexagrams and comprise communications cells wherein as 
many as two sq)arate frequency bands (A and B) of radio 
fr:equency cellular communications are provided via mul- 
tiple channels in the Cellular hyperband. The cells 20, are 
represented by circles and comprise communications cells 
wherein as many as six separate frequency bands (A through 
F) of radio frequency cellular communications are provided 
to mobile stations via multiple channels in the PCS hyper- 
band. 

In some instances, the Cellular hyperband cells 10 and the 
PC^ hyperband cells 20 will be co-located, as generally 
shown at 12, and fiirther may have con^arable communi* 
cations coverage areas, as generally shown at 14. Such ceU 
characteristics, however, are not requirements for operation 
of a multiple hyperband communications system in accor- 
dance with the IS-136 and PN3388 specifications. Thus, 
different cell center locations and instances of overlapping 
cell coverage areas between the hyperbands will be a com- 
mon occurrence, as generally shown at 16 and 18, respec- 
tively. Furthermore, it wiU often be the case that the com- 
bined communications coverage areas provided by all or 
part of two or more Cellular hyperband cdls 10 will be 
contained within the coverage area of a single PCS hyper- 
band cell 20, as generally shown at 22. Similarly, it is 
possible that the combined communications coverage areas 
provided by all or part of a PCS hyperband cell 20 will be 
contained within &e coverage area of a single Cellular 
hyperband cell 10, as generally shown at 24. 

Bach of the Cellular hyperband cells 10 includes at least 
one base station 26 configured to facilitate communications 
ova certain channels in at least one of the two available 
Cellular hyperband frequency bands. It is possible, and in 
fact may l>e preferred, for each of the cellular base stations 
26 to possess the ci^abiKty of communicating ova both the 
A and B frequency bands of the Cellular hyperband. 
Similarly, each of tiic PCS hypaband cells 20 includes at 
least one PCS base station 28 configured to facilitate com- 
munications over certain channels in at least one of the six 
available PCS hyperband frequency bands. As with the 
cellular base stations 26, it is possible, and in fact may be 
pref orcd, for each of the PCS base stations 28 to possess the 
capability of communicating ova more than one, and pa- 
haps all six, of the frequency bands of the PCS hyperband. 
Although not shown in the figure for reasons of sin:^liiying 
the illustration, ia instances whae a base station 2i5 or 28 
does not provide covaage for all of the available hypa- 
bands and/or the frequency bands thaein, more than one 
base station will be needed in each cell. Furthermore, more 
than one base station may be needed pa cell if there is a 
division of conmiunications responsibility between service 
providers on a pa channel basis. 

The base stations 26 and 2$ are illastrated as being 
positionally located at or near the centa of each of the cdls 
10 and 20, respectively. Howeva, depending on geography 
and otha known factors, the base stations 26 and 28 may 
instead be located at or near the periphery of, or otherwise 
away from the centas of, each of the cells 10 and 20. In sudi 
instances, the base stations 26 and 28 may broadcast and 
communicate with mobile stations located within the cells 
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10 and 20 using directioaal rather than omni-diFectional voice channel, and is deteimined from the hypeiband capa- 

antenoas. Each one of the base stations 26 and 28 includes bUities of the mobile station and the channels identified in 

a transmitter, a receiver, and a base station controller con- the neighbor list 30. A Cellular hyperband only capable 

nected to the antenna in a manner and mth a configuration mobile station will receive a MAHO ndgjibor list 32 which 

well known in the art. S includes an identification of channels from the neighbor list 

Each one of frequency bands specified for the Cellular ^ ^® CeUular hyperband. A multiple hyperband 

and PCS hypcrbands is aUocatcd a pluraHty of voice or capable mobile station, on the other hand, will receive a 

speech channels and at least one access or control channel. MAHO neighbcs: Ust 32 identifying channels from the 

The voice or speech dianncls cany subscriber telephonic neighbor list 30 in both the CeUular and PCS hyperbands. It 

communications. The control channel is used to control or 10 should be understood that the previous description specific 

supervise the operation of mobile stations by means of ^-^^ appUcable to its counterpart PN3388 

information transmitted to and received from the mobile specification, 

stations. Such information may include incoming call Accordingly, there is a need for a cellular communications 
signals, outgoing call signals, page signals, page response system having multiple hyperband communications capa- 
signals, location registration signals, voice channel 15 bilities that will make more efficient use of the limited 
assignments, maintenance instructions, and cell selection or number of entries allowed by the IS- 136 and PN3388 
reselection instructions as a mobile station travels out of the specifications in both the server selection and MAHO neigh- 
radio coverage of one cell and into the radio coverage of ^^r lists. Such a system will provide relevant, useful and 
another cell. The control or voice channels may operate sufficient information not only to those mobile stations that 
cither in an analog or digital mode or a combination thereof. 20 are capable of operating across multiple hyperbands^ but 

Many mobile stations having CeUular hyperband only also to the large number of CeUular hyperband ^ 

communications capahUities were purchased prior to the mobile staUons that are currenQy m use by ceUular subscrib- 
adoption of the new multiple hyperband IS-136 and PN3388 

specifications and are currently in use. These CeUular hyper- SUMMARY OF THE INVENTION 

band only capable mobUe stations do not possess the func- ^ ^o address the foregoing problems associated with the 

Uonahty to access and communicate over, and thus fuUy take transmission of server selection and MAHO neighbor Usts to 

advantage of, the PCS hypert)and. Accordingly, multiple ^^^^^ stations operating in an IS-136, PN3388 specified 

hyperband capable mobflc stations posscssmgcommunica- ^ujtiple hyperband capable ceUular communications 

tions capabUiUes m both the CeUular and PCS hyperbands ,y^^ ceUular communications system of the present 

have been developed and are now bemg placed mto service ^ ^^^^^^^ transmits spUt server selection and MAHO neigh- 

m order for subscribers and providers to take fuU advantage j^sts to mobUe sutions. 

^Ki^^"'^^'^' oL^^J^ "^^'^2 ThespHtneighborUstofthepresentinventionincludes a 

available by the new IS-136 and PN3388 speaficaUons. identifying as m^y as twenty-four different 

Reference is now made to FIG. 2. In accordance with the 35 CeUular hyperband candidate channels that may be selected 

new IS-136 specification, each mobUe station functioning in for communications. The transmission further includes a 

idle operating mode receives from the ceUular communica- second data set identifying as many as twenty-four different 

tions system a neighbor Ust 30 identifying the channels CeUular and PCS hyperband candidate channels that may be 

avaUable to the mobile station for server selection. This selected for communications. The first data set of the spUt 

neighbor Ust is transmitted to each mobfle station over the ^ neighbor Ust is targeted to CeUular hyperband only capable 

control channel. In order to account for the avaOabOity in the mobUe stations, and the second data set is targeted to 

service area of the PCS hyperband and the frequency bands multiple hyperband enable mobUe stations, 

therein, the server selection nei^bor list 30 transmitted to ^ ceUular only capable hyperband mobUe station wUl 

each mobile station inust indude an identificaUon of flie receive and process only the CeUular hyperband diamiels 

channels avakble to the mobUe station in both the CeUular j^^tified in the first data set, and ignore the CeUular and 

(nl) and PCS (n2) hyperbands. p^s hyperband channels identified in the second data set 

Unfortunately, the IS-136 specification aUows for a maxi- Thus, in conformance with the IS-136 specification, the 

mum of twenty-four channels across both avaUable hyper- CeUular hyperband only enable mobile station wiU receive 

bands (nl-Hi2<=24) to be included in the server selection and process no mtre than the limit of twenty-four channels, 

neighbor Ust 30 processed by each mobUe station. The n2 50 Amultq)le hyperband enable mobUc station will, Uke the 

portion of the server selection neighbor list 30 identifying CeUular only hyperband mobUe station, receive the CeUular 

avaUable PCS hyperband channels is, however, of no use to hyperband channels identified in the first data set However, 

CeUular hyperband only capable mobile stations which the mobUe station wUl substitute the CeUular hyperband 

cannot commumcate over the PCS hyperband channels. The channels identified in the second data set, if present, for 

inclusion of PCS hyperband channels in the server selection 55 those previously identified and received in the first data set 

neighbor Ust 30 further serves to displace from the Ust to reduce the number of identified CeUular hyperband chan- 

ccrtain (n2 in number) avaUable CeUular hyperband chan- nels. Such a substitution further provides sufficient space for 

nels that otherwise would have been provided for selection the receipt of PCS hyperband channels that are also idenU- 

to the CeUular hyperband only mobile stations. ficd b the second data set Alternatively, CeUular hypaband 

A similar problem under the IS-136 specification is pre- 60 channels identified in the first data set are selectively 

sented when the mobUe stations are functioning in an on caU extracted to be included with the PCS hyperband channels 

operating mode. In this case, the mobUe station receives identified in the second data set Again, in conformance with 

from die ceUular communications system a MAHO neighbor die IS-136, PN3388 specification, the multiple hyperband 

Ust 32 identifying the channels the system wants the mobUe capable mobfle station wUl, after CeUular hyperband chan- 

station to scan for, measure on and report on pcriodicaUy for 65 ncl substitution or extraction, receive and process a total of 

purposes of making hand-off determinations. This MAHO no more tiian the limit of twenty-four CeUular and PCS 

neighbor list 32 is transmitted to each mobUe station over the hyperband channels. 
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BRIEF DESCRffnON OF THE DRAWINGS 

A more coiiq)lctc understanding of the split neighbor lists 
for the multiple hypeibaad cellular communications system 
of the present invention may be had by reference to the 
following Detailed Description when taken in conjunction 
with the accompanying Drawings wherein: 

FIG. 1 is a cell diagram iUustrating an exemplary cell 
configuration for implementiDg multiple hyperband cellular 
communications service in accordance with the current 
IS-136 and PN3388 specifications using both the Cellular 
and PCS hypeibaads; 

FIG. 2 is a block diagram illustrating the fonnat of the 
server selection and MAHO neighbor lists in accordance 
with the IS-136 specification; 

FIG. 3 is a block diagram illustrating the format of the 
split server selection and MAHO neighbor lists utilized in 
the multiple hyperband cellular communications system of 
the present invention; and 

HG. 4 is a ceU diagram illustrating a multiple hyperband 
capable cellular communications system inq)lementing the 
split neighbor list transmissions of the present invention. 

DETAILED DESCRIFnON OF EMBODIMENTS 

Reference is now made to FIG. 3 wherein there is shown 
a block diagram of the split server selection and MAHO 
neighbor lists 34 and 36, respectively^ of the present inven- 
tion which are designed to replace the currently used IS-136 
specification neighbor lists shown in FIG. 2. 

Each of the neighbor lists 34 and 36 includes a first data 
set 38 identifying as many as twenty-four different Cellular 
hyperband channels available to either a Cellular hyperband 
only mobile station or a multiple hyperband mobile station. 
These specified channels in the first data set 38 are identified 
in a first data field 40 including a listing of nl available 
Cdlular hyperband analog control channels, and a second 
data field 42 including a listing of n2 available Cellular 
hyperband digital control channels (DCCH) (wherein 
nl+n2<=24). 

The neighbor lists 34 and 36 further optionally include a 
second data set 44 identifying as many as twenty-four 
different Cellular and PCS hyperband channels available to 
a multiple hyperband enable mobile station. These speci- 
fied channels in the second data set 44 are identified in* a first 
data field 46 including a listing of n3 available Cellular 
hyperband analog control channels, a second data field 48 
including a listing of n4 available Cellular hyperband digital 
control channels (DCCH), and a third data field 50 including 
a listing of n5 available PCS hyperband digital control 
channels (DCCH) (whcrdn: n3+n4+n5<=24). 

The split server selection neighbor list 34 is transmitted 
over the control channel to multiple mobile stations func- 
tioning in the idle operating mode in a given cell. This list 
34 identifies the channels available to tiie mobile station for 
server selection. The split MAHO nei^bor list 36, on the 
other hand, is transmitted uniquely to individual mobile 
stations over the voice channel when the mobile station is 
fiinctioning in the on call operating mode. This list 36 
comprises, oris a subset of, the server selection neighb(»: list 
34 that would be received by the mobile station if it were 
currently functioning in the idle operating mode. The 
MAHO list 35 accordingly identifies the channels that the 
communications system wants the mobile station to scan for, 
measure on, and report on periodically for purposes of 
facilitating system made hand-off determinations. 

Reference is now made to FIG, 4 wherein there is shown 
a cell diagram illustrating a . multiple hyperband capable 
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ceUular conummications system 52 implementing the server 
selection and MAHO split neighbor lists 34 and 36, 
respectively, of the present invention. The communications 
system comprises a number of Cellular hyperband cells 

5 C1-C4 and a number of PCS hyperband cells P1-P2. Within 
cell C4 of the system, there are cuirentiy located a Cellular 
hyperband only capable mobile station 54, and a multiple 
hyperband (Cellular and PCS) capable mobile station 56. 

For each of tiie cells C1-C4 and P1-P2, the system 52 
through base stations 26 and 28 transmits to each mobile 
station located therein a list of its cell "neighbors," and in 
particular the communications channels available therein, 
for the purpose of server selection. The server selection 
neighbor list 34 is transmitted to the mobile stations over the 
control channel 58 for the system 52. Conversely, while 
engaged in a subscriber communication, eadi mobile station 

. will receive a transmission from the system a list of nei^- 
boring cells (and channels therein) for purposes of hand-off. 
This MAHO neighbor list 36 is transmitted to the mobile 

^ stations over the voice diannel 60 cuirentiy in use by the 
mobile station for carrying subscriber voice communica- 
tions (i.e., a telephone call). The MAHO neighbor list 36 
comprises, or is a subset of, the server selection neighbor list 
34 that would be received by the mobile stations 54 and 56 

22 if they were functioning instead in the idle operating mode. 
The mobile stations 54 and 56 are shown currentiy located 
in cell C4, and arc assumed for the moment to be functioning 
in the idle operating mode. In accordance with the format of 
FIG. 3, and as generally indicated at 62, the split server 

3Q selection neighbor list 34 transmitted by the systrai over the 
control channel 58 includes a mandatory first data set 38 
identifying available Cellular hyperband chamiels (via fields 
40 and 42) in neighboring Cellular hyperband cells CI, C2 
and C3. The transmitted neighbor list 34 further includes an 

35 optional second data set 44 identifying die available Cellular 
and PCS hyperband channels (via fields 46, 48 and 50) in 
neighboring Cellular and PCS hyperband cells CI, C2, C3, 
PI and P2. In order to comply with tiie limitations of the 
IS-136 specification, neither the first nor the second data set 

^ will individually include an identification of more than 
twenty-four channels, although it will be understood that the 
total nomber of channels identified in the neighbor list 34 
across both data sets may exceed twenty-four in number. 
The Cellular hyperband only capable mobile station 54 

45 will receive the entire neighbor list 34 transmission, but will 
only use the information in the fields 40 and 42 in the first 
data set 38 concerning the available analog and digital 
Cellular hyperband chaimels in making its server selection 
determination. The Cellular and PCS hyperband inf<smation 

50 identified in the second data set will be ignored. Hius, the 
mobile station 54 will process no more than twenty-four 
potential neighbors in making its server selection 
determination, because no more than twenty-four channels 
will be included in the first data set 38 of the neighbor list 

55 34. 

The multiple hyperband capable mobile station 56, like 
the cellular only mobile station 54, will receive the entire 
neighbor list 34 transmission. The entire neighbor list 34 
will not, however, be used by the mobile station 56 in 

60 making its sorer selection determination. The information 
in the first and second fields 40 and 42 of the first data set 
38 concerning up to twenty-four available analog and digital 
Cellular hyperband channels will be used for server selec- 
tion only if no other substitute information is provided by the 

65 system 52. 

If the transmitted neighbor list 34 further includes a 
second data set 44, and If the second data set includes 
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channel information in either or both the first and second 
fields 46 and 48, respectively, relating to available Cellular 
hypcrband channels, this included information from the 
second data set will replace (through a substitution) the 
coiresponding Cellular hypcrband channel information pre- 
viously received and included in the first data set 38. For 
example, the (n3) Cellular hyperband channel information in 
the second data set 44, first field 46, if included in the 
transmission, will replace the (nl) corresponding informa- 
tion previously received in the first data set 38, first field 40 
of the transmission (thus, n2+n3+n5<=24). The mobile 
station 56 will further receive in the second data set 44, third 
field 50, of the neighbor list 34 transmissioa an identification 
of the (n5) available PCS hyperband channels. It is from the 
substituted Cellular hyperband channel information and the 
received PCS hyperband channel informiation tiiat the mul- 
tiple hyperband mobile station 56 will make its server 
selection determination. The substitution of tibe Cellular 
channels identified in the second data set 44 for those 
identified in the first data set 38 guarantees that the mobile 
station 56 wiQ receive and process in accordance with the 
IS- 136 specification no more than twenty-four potential 
neighbors in making its server selection determination (thus, 
nl+n2-fn5<^24; nl-l-n4-Ki5<=24). 

As an alternative to substitution as described above, either 
or both of the first and second fields 46 and 48 of the second 
data set 44 may include a "null*" indication and thus specify 
no channels. In such a case, the multiple hyperband mobile 
station 56 wiD identify PCS hyperband channels from the 
third field SO of the second data 44, and will fill in the 
remainder of the available slots in the neighbor list (up to 
twenty-four entries) by selecting Cellular hyperband chan- 
nels Identified in fields 40 and 42 of the first data set 38. This 
^'extraction" of cellular channels from the first data set 38 
guarantees that the mobile station receives and processes 
sufficient channel information without violating the IS-136/ 
PN3388 specifications. 

Assuming now that the mobile stations 54 and 56 are 
instead functioning in the on call mode of operation, the 
system 52 wOl transmit a similar split neighbor list 36 with 
the format shown in FIG. 3 in the form of a MAHO list. As 
is well known to those skilled in the art, the MAHO neighbor 
list 36 identifies those channels tibat the system 52 wants the 
mobile station to scan for, make signal strength measure- 
ments on, and report on periodically to facilitate the making 
of a hand-ofif determination by the system- This MAHO list 
36, unlike the server selection list 34, is unique to each 
mobile station and is transmitted by the system 52 over the 
voice channel 60 that is also carrying the telephonic voice 
communication of the subscriber. 

The MAHO neighbor list 36 comprises, or is a subset of, 
the server selection neighbor list 34 that would have been 
received by the mobile stations over the control channel had 
the mobile stations been fiinctioning in the idle operating 
mode. Again, as with the server selection neighbor list 34 of 
the present invention described above, the split MAHO 
neighbor list 36 will include a mandatory first data set 38 
identifying Cellular hyperband neighbors and an optional 
second data set 44 identifying both Cellular and PCS hyper- 
band neighbors. A Cellular hyperband only capable mobile 
station 54 will receive and process only those neighbors 
identified in tiie first data set 38 in making its hand-off 
determination. The information in the second data set 44 will 
be ignored. The multiple hyperband capable mobile station 
56. on the other hand, will substitute the Cellular hyperband 
information (n3 and n4) in the second data set 44, if present, 
for the corresponding information (nl and n2) previously 
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sent in the first data set 38. Alternatively, in the event of a 
null transmission In one of the fields 46 or 48 of the second 
data set 44, channel information in the Cellular hyperband 
will be extracted from the first data set 38 and added to the 

5 PCS information. In no event, however, will the mobile 
stations 54 and 56 process more than twenty-four potential 
channels across the various hyperbands. 

It is often the case that the provider of cellular service, as 
well as the subscriber himself, will desire to engage in 

>o cellular communications over only certain ones of the avail- 
able channels in each of the provided hyperbands. For 
exanq)le, the provider of service may desire for the mobile 
station to engage in communications over only tiiose chan- 
nels to which the provider has been assigned control even 

1^ though the mobile is capable of communicating over many 
other chaimels provided by others. Such restriction is 
desired because in many instances it is only from these 
owned channels that the provider can derive revenue from 
subscriber usage. Similariy, the subscriber himself may 

2^ desire to only use certain ones of the many channels in the 
various hypexbands because access to channels provided by 
others may result in the assessing of a surcharge or other 
increased cost for the call. 
With the split server selection and MAHO neighbor list of 

^ the present invention, not only does each type of mobile 
station receive up to twenty-four identified channels thus 
fully utilizing and satisfying the IS-I36 specification, but 
also the system 52 has the capability of selectively trans- 
mitting to the mobile station only those chaimels that the 
service provider or subscriber desires. The provider may 
then in effect institute a preference through the transmission 
of the neighbor lists for the mobile station to utUize the 
provider's own diannels. The neigfibor list broadcast by the 
system will accordingly not include those channels of other 
providers, even though the mobile station is enable of 
scanning for, measuring on, and using these channels. The 
subscriber also benefits from this selective inclusion of 
channels in the neighbor list because the mobile station will 
operate to select only those channels f<x which no surcharge 
or other fee will be incurred during usage. 

Although the split neighbor list of the present invention 
has been described with respect to server selection and 
band-off for only the Cellular and PCS hyperbands, it will be 
understood that a split ndghbor list in accordance with the 
present invention may be defined and utilized, in conform- 
ance with the IS-136 specification or otherwise, for any 
multiple hypcrband cellular communications network or 
other communications system as are or become known to 
those skilled in the art Thus, although a prefoicd embodi- 
ment of the present invention has been disclosed herein and 
illustrated in the accompanying Drawings, it is understood 
that the invention is not limited to the embodiment 
disclosed, but rather is capable of numerous rearrangements, 
modifications and substitutions without departing from the 
spirit of the invention as set forth and defined by the 
following claims. 
What is claimed is: 

1. A cellular communications system providing commu- 
^ nications to mobile stations over a plurality of hyperbands, 
each hypcrband including a plurality of available commu- 
nications channels, the system comprising: 
means for transmitting to mobUe stations a neighbor list 
identifying available channels for conununication, the 
neighbor list being split, to include: 
a first data set identifying available first channels for 
mobile station communication in a first one of the 
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plurality of hypeibands, the number of first channels 
not exceeding a predetermined maximum number of 
channels; and 

a second data set identifying available second dbannels 
for mobile station communication in the first one of the ^ 
plurality of hyp^ands and available third channels in 
a second one of the plurality of hypeibands, the sum of 
the number of second and third channels not exceeding 
the predetennined maximum number of diannels. 

2. The system of daun 1 wherein the available second lO 
channels identified in the second data set comprise substitute 
channels for replacing the first channels identified in the first 
data set 

3. The system as in claim 1 wherein certain ones of the 
available first channels are extracted from the first data set 
for replacing second channels missing from the iirst data set 

4. The system as in daim 1 wherein the neighbor list 
comprises a server selection neighbor list 

5. The system as in daim 1 wherein the neighbor list 
con4>riscs a MAHO neighbor list. 20 

6. The system as in claim 1 wherein the mobile stations 
corc^rise first hypcrband only capable mobile stations and 
multiple hypeiband capable mobile stations, the infonnation 
in the first data set of the neighbor list being split, being 
targeted to first hyperband only mobile stations, and the ^ 
informatioa in the second data set of the nelglhbar list being 
split, being targeted to multiple hyperband capable mobile 
stations. 

7. The system as in claim 6 wherein the available second 
channels identified in the second data set are substituted by 
multiple hyperband capable mobile stations for the first 
diannels identified in the first data set in order to present f or 
neighbor list consideration no more than the predetermined 
maximum number of channels, 

8. The system as in claim 6 wherein certain ones of the 35 
first channels are extracted from the first data set by multiple 
hyperband capable mobile stations to replace second chan- 
nels of the second data set if no second channels are 
identified. 

9. A method for transmitting channel information to ^ 
mobile stations operating in a cellular communications 
system induding a plurality of hyperbands, each hyperband 
having a plurality of available communications channels, the 
method comjoising the steps of: 

transmitting a neighbor list to mobile stations identifying ^ 
available channds for communication, the ndghbor list 
being split, to include: 

a first data set identliying available first channds for 
mobile station communication in a first one of the 
plurality of hyperbands, the number of first channels ^° 
not exceeding a predetermined maximum number of 
channels; and 

a second data set identifying available second channels 
for mobile station communication in the first one of 
the plurality of hyperbands and available third chan- 
nds in a second one of the plurality of hyperbands, 
the sum of the second and third channels not exceed- 
ing the predetermined maximum number of chan- 

receiving, by first hyperband only capable ones of the 
mobile stations, said transmitted ndghbor list being 
split; 

recdving, by multiple hyperband capable ones of the 
mobile stations, said transmitted split neighbor list; ^5 

processing said received neighbor list being split, by the 
first hyperband only enable mobile stations to choose 
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for communications among first channels identified in 
the first data set; and 
processing said recdved neighbor list being split, by the 
multiple hyperband capable mobile stations to choose 
for communications among the second and third chan- 
nels identified in the second data set 

10. The method of claim 9 wherein the step of processing 
of the recdved neighbor list being spUt, by the multiple 
hyperband capable mobile stations further indudes the step 
of substituting the second channels identified in the second 
data set for the first channels identified in the first data set 

11. The method as in daim 9 wherein the step of pro- 
cessing of the received ndghbor list bcii^ split, by the 
multiple hyperband capable mobile stations further includes 
the steps of: 

extracting certain ones of the first channds identified in 

the first data set; and 
substituting the extracted fint diannels for the second 

channds of the second data set if no second channd are 

identified. 

12. A split neighbor list for use multiple hyperband 
capable cellular conmiunications system, conqirising: 

a first data set identifying available channels for mobile 
station communications in a first one of a plurality of 
system supported communications hyperbands, said 
first data set targeted to mobile stations capable of 
operating only in the first hyperband; and 

a second data set identifying available channels for 
mobile station communications in both the first and a 
second one of a plurality of system supported commu- 
nications hyperbands, said second data set targeted to 
mobile stations capable of operating in both the first 
and second hyperbands. 

13. The split neighbor list of daim 12 wherdn the total 
number of available channels in the first data set does not 
exceed a predetermined maximum. 

14. The split neighbor list as in claim 13 wherein the total 
number of available channds in the second data set does not 
exceed the predetennined maximum. 

15. The split neighbor list as in claim 12 wherein the 
channds of the first data set include analog and digital 
channds available in the first hyporband. 

16. The split neighbor list as in claim 12 wherdn the 
channds of the second data set include analog and digital 
channds available across the first and second hyperbands. 

17. The split neighbor list as in claim 12 wherein the 
channds of the second data set for the first hyperband are 
substituted for the channels of the first data set of the first 
hyperband by mobile stations capable of operating in both 
the first and second hyperbands. 

18. The split neighbor list as in claim 12 wherein certain 
ones of the channels of the first data set for the first 
hyperband are extracted to replace channels of the second 
data set for the first hyperbands by mobile stations capable 
of operating in both the first and second hyperbands if no 
channds of the first hyperband are identified. 

19. A cellular communications system, comprising: 
a plurality of first mobile stations capable of operation in 

only a first one of a plurality of available hyperbands, 
said first hyperband induding a plurality of communi- 
cations diannels; 
a plurality of second mobile stations capable of operation 
in both the first and a second one of the plurality of 
available hyperbands, said second hyperband including 
a plurality of communications chaimels; and 
means for transmitting a neighbor list to mobile stations 
identifying available channels across the hyperbands 
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for mobile station commuoicatioa, the neighbor list 
being split, to include: 

a first part identifying available channels for first 
mobile station communication in the first hyperband; 
and 

a second part identifying available channels for second 
mobile station communication in both the first and 
second hyperbands. 

20. The system as in daim 19 wherein the neighbor list 
comprises a server selection neighbor list 

21. The system as in daim 19 wherein the neighbor list 
comprises a MAHO neighbor list. 

22. The system as in claim 19 wherein the first mobile 
stations select a channel in the first hyperband from those 
identified in the first part of the neighbor list being split 
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23. The system as in claim 19 wherein the second mobile 
stations select a channd in either the first or second hyper- 
bands from those identified in the second part of the neigh- 
bor list bdng split 

24. The system as in claim 19 wherein the second mobile 
stations substitute channels of the first hyperband identified 
in the second part of the nei^bor list bemg split, for those 
channds of the first hyperband identified in the first part of 
the neighbor list being split 

25. The system as in claim 19 wherein the second mobile 
stations extract channds of the first hyperband identified in 
the first part of the neighbor list being split, to replace 
channds of the first hyperband if no sudi channels are 
identified in the second part of the neighbor list being split 
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ABSTRACT 


A coonection seeking device in a terminal of a mobile radio 
system seeks connection of the terminal to one network of 
a system which includes a plurality of networks. The system 
extends over a plurality of geographical entities each having 
at least one network. The terminal is afiBHated to a home 
network belonging to a geographical entity of origin. The 
device seeks the connection to the home network when the 
terminal is connected to a network which does not belong to 
the geographical entity of origin. 

7 Claims, 3 Drawing Sheets 
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DEVICE FOR SEEKING CONNECTION OF A 
TERMINAL TO A NETWORK OF A MOBILE 
RADIO SYSTEM COMPRISING A 
PLURALITY OF NETWORKS 

This is a Continuation of Application Ser. No. 08/166, 
954 filed Dec. 15, 1993 abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention concerns a device for seeking 
connection of a terminal to a network of a mobile radio 
system comprising a plurality of networks. 

2. Description of the Prior Art 

Reference is made here to mobile radio systems covering 
a plurality of geographical entities (countries, for example) 
as is the case with the GSM paneuropean digital cellular 
mobile radio system. A system of this kind comprises a 
plurality of radio networks usually managed by different 
operators, each network covering a territory corresponding 
to all of a country or to one or more regions within a country. 
ITiese radio networks are connected to the cable networks of 
the corresponding countries so that a mobile radio system 
terminal can communicate with a cable network terminal. 

There may be several radio networks in the same country, 
their coverage areas overlapping partly or totally. Then, if a 
terminal wishes to access the mobile radio system, because 
there is a choice the question arises which radio network it 
will connect to. To this end the terminal includes a connec- 
tion seeking device to establish a list of the radio networks 
to which it could connect. 

A particular tenninal which can operate throughout the 
mobile radio system is affiliated to a specific radio network, 
the home network, in just the same way as a telephone 
terminal is affiliated to a specific cable network. The reason 
for this is that the terminal is the means of obtaining services 
such as speech or data communication provided by the 
network operator who needs to know the identity of the 
terminal, in order to bill for the services provided if for no 
other reason. 

It is desirable for priority to be given to connecting a 
terminal to its home network. The terminal user has an 
agreement with an operator who provides certain services 
that a different operator may not necessarily be able to 
supply; this applies to data communications, for example. 
Also, if a terminal connects to a radio network that it is 
convenient to refer to as a *'visitor"network separate from its 
home network, this presupposes that the two operators 
concerned have an agreement authorizing such connection. 
This is not always the case, but assuming that it is, it is 
necessary for information to be exchanged between the two 
networks for the terminal's calls to be managed. The first 
item to come to mind is the cost of the service provided on 
the visitor network which must be passed on to the termi- 
nal's home network in order for the user to be billed 
accordingly. 

It is therefore known for the connection seeking device of 
a terminal to be activated regularly cither by manual action 
of the user or automatically when the terminal is connected 
to a visitor network of the same country as its home network, 
so that it breaks the connection with the visitor network to 
establish a new connection with the home network. This 
procedure is described in GSM recommendation 03.22 and 
is applied only if the visitor network is in the same country 
as the home network, the country of origin. It seems illogical 
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to apply it if the visitor network is in another country 
because the networks are designed to serve the terminals of 
a given country. For example, a terminal whose country of 
origin is France and which is located in Denmark must not 
s attempt to connect to its home network as it would neces- 
sarily fail. 

Over and above this, the procedure mentioned above 
naturally consumes power which reduces the operating time 
between battery recharging/replacement in the case of a 
10 terminal having a battery of limited capacity. This is further 
argument for not applying this procedure when the visitor 
network is not in the country of origin. 

However, if the terminal is in a border area between two 
countries, it can have access to a network of each country 
because, given the type of transmission used, it is not 
possible to limit the coverage area of a network precisely to 
the border. It can even happen that the terminal, even though 
in its country of origin, can connect only to a network of 
another country because transmission conditions (radio 
^ propagation conditions) prevent it connecting to its home 
network or to a visitor network of its country of origin. This 
occurs if it is in a shadow area in the sense in which this term 
is used in the radio art, behind an obstacle such as a 
mountain which prevents this connection, for example. The 
terminal is thereby penalized and can no longer access its 
home network even if transmission conditions should 
become favorable again. 

An object of the present invention is to enable a terminal 
to establish a new connection with its home network when 
it is connected to a visitor network which is not of its country 
of origin. 

SUMMARY OF THE INVENTION 

35 This object is achieved by providing in the terminal a 
device for seeking connection to a network of a mobile radio 
system comprising a plurality of networks, said system 
extending over a plurality of geographical entities each 
having at least one network, the terminal being affiliated to 

40 a home network belonging to a geographical entity of origin, 
the device comprising seek means for seeking the connec- 
tion to the home network when it is connected to a network 
which does not belong to the geographical entity of origin. 
As already mentioned, the above device consumes power 

45 even if it is activated at relatively widely spaced time 
intervals. 

A further object of the present invention is to reduce the 
power consumption of the terminal. 

This object is achieved by having the device hold a table 
listing the geographical entity of origin and the geographical 
entities adjacent thereto and comprise selector means for 
activating the seek means only ff the network to which it is 
connected belongs to a geographical entity in said table. 
55 An additional problem arises when the connection to the 
home network can be achieved but would be of mediocre 
quality with a high risk of being interrupted. 

A further object of the invention is therefore preventing 
the achieving of a connection that is highly unsatisfactory 
60 firom the terminal'point of view 

This object is achieved by having the device hold a quality 
indicator in respect of the connection to said home network 
established during scanning of all the networks to which a 
connection can be actiieved and comprise inhibitor means 
65 for preventing connection to said home network if said 
quality indicator is less than a predetermined quality thresh- 
old. 
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In one specific embodiment of the device the terminal is which receives the power signal P and stores it in a working 

connected to a network by a connection whose quality memory 5 by means of a data signal D at an address assigned 

constitutes a reference value and the quality threshold is the to the tuning channel CH(I) by means of an address signal 

sum of a predetermined safety margin and said reference Ad. 

5 /yso in a known manner the control circuit 4 has access 

Advantageously the connection between the terminal and to the identity of all the channels that the terminal can 

any network of the mobile radio system uses at least one receive. For example, there may be a channel memory 6 

radio channel conveying a control signal and said quality associating for each channel a set point value of the control 

indicator represents the power at which the terminal receives signal R with an address in the working memory 5. Thus 

the respective control signal. during a first period the control circuit 4 produces the control 

The invention is now described in more detail by way of signal R with one of the set point values and stores the value 

purely illustrative example and with reference to the of the power signal Pin the working memory 5 at the address 

appended drawings. associated with this set point value in the channel memory 

6, The control circuit repeats this operation for all set point 

BRIEF DESCRIPTION OF THE DRAWINGS IS values with the result that the working memory 5 contains a 

r^r- ^ , . . £ . • 1 J J power value for each channel. 
FIG. 1 shows the mam components of a termmal needed 

to implement the invention. ^^^^ classifies the channels in the working memory 5 in 

t-T/^o ^ J -ni. . L • a decreasing power order, retaining for each channel an indi- 

PIGS. 2fl and 20 constitutes showing the operation of the r.i: * • ^ i r« r 

, . , . ^ ^ cation 01 the respective set pouit value. The result of this 

connection seeking device, 20 • *u ^ *i' . ^.i. » ■ . 1 i j 

^ operation is thus a first list of the set point values classified 

DETAILED DESCRIPTION OF THE ^ decreasing power order of the respective channels. 

PREFERRED EMBODIMENT The operation of the terminal is now explained with 

„ - , . . . , reference to the block diagram shown in FIG. 2 and with the 

Before seeking a connection a terminal must carry o^t a ^„„^,„ti„„ that a positive response to a test is assigned the 

synchromzation procedure which will now be descnbed in « ^^^^^ ^ ^ ^ ^^^^^ ^ 

outlme m order to clarify the explanation. „ ^ . * , . . , . . . 

, u'l J- . 1. ^onx Referrmg to FIG. 2A, the control circuit 4 cames out an 

In mobile radio systems such as the GSM paneuropean ba.se in which it sets the value of I to 1 in a 

digital mobile radio system, for example a termmal com- ^lock Al and the value of J to 1 in a block A2. 

municates with a base station by way of communication » li , i.-, . i , . 

channels conveying radio signals. TTiese systems comprise a ^° '° "^'T. f . T^'f 

plurality of channels for transmissions from the terminals to u^?^, ^ , ^ 

the base stations or for transmissions from the base stations " ""^ ™«'n°fy *' "^'"2 ""^ 

to the terminals. respecuve set pomt value 


These channels include a control channel which is trans- 


milted continuously and which enables a terminal to access attempt synchromzation by seeking the synchromzation 

the system via the base station transmitting this channel in f ^^tion present on each control channel. If this attempt 

order to set up calls. The terminal must therefore identify ^^^^ ^^^^^^^ ^^^^^^ ^'^^^"^^^ ^^^^^^ descnbed later, 

this control channel in order to acquire the information If synchronization is achieved the control circuit 4 causes 

enabling it to declare itself in the system. This information terminal to seek the system information i.e. the network 

includes synchronization information and for this reason this PLMN which is transmitting the respective control channel 

procedure is usually called the synchronization procedure. (^^^"^^ information cannot be found the control 

A two-stage method is usually adopted to achieve syn- ^^"^^^ block A8 described later, 

chronization. In a first stage the terminal measures the power system information is found, the control circuit 4 
on all received channels. The terminal then attempts to 45 writes into a second list in the working memory 5 at the Jth 

synchronize with the channel received at the highest power. location the set point value respective to the selected channel 

If it fails to do so it tries the other channels in decreasing network PLMN and the power P at which this 

received power order until it is able to synchronize. This channel is received (block A6). 

method is that which is the subject of GSM Recommenda- The value of J is then incremented by one (block A7). 

tions 4.08 version 3,11.0 and 5.08 version 3.7.0. In block A8 the control circuit 4 tests the value I to 

The synchronization procedure is carried out systemati- determine if all the receive channels have been examined. If 

cally whenever the terminal is switched on and also, and I is less than N it increments it by one in block A9 in order 

more generally, after any loss of synchronization, i.e. if the then to execute block A3. If I is equal to N, however, this 

link between the base station and the terminal is interrupted. phase of operation is terminated and the result is the second 
It is also undertaken in the instance of interest here, i.e. when 55 list in the working memory 5 giving the characteristics of the 

the terminal is already connected to a network, for the M channels by means of which it is possible to connect to 

purpose of identifying the various networks to which it the system. 

could connect. The connection seeking device proper, which essentially 

Referring to FIG, 1, in a known manner, the terminal comprises the control circuit 4 and the working memory 5, 
essentially comprises an antenna 1 to receive the various 60 is now described with reference to FIG. 2B. 

channels, there being N channels, a receive circuit 2 such as In block Bl the control circuit 4 checks if country C of the 

a frequency synthesizer connected to the antenna 1 and visitor network to which the terminal is currently connected 

which selects from these channels a tuning channel CH(I) in is an adjacent country A of the country of origin (the country 

response to a control signal R, a power measuring circuit 3 of the home network HPLMN of the terminal). It is not 
which produces a power signal P representing the power on 65 necessary to seek a connection to the home network if the 

the tuning channel CH(I), and a control circuit 4 such as a terminal is very far away from the country of origin. For 

microprocessor which produces the control signal R and example, the terminal holds a table in a memory area which 
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could be part of the channel memory 6. This table lists the 
identification codes of the country of origin and the various 
countries A adjacent to it. Thus if the country of origin is 
France, this table lists France, Belgium, Luxembourg, 
Germany, Switzerland, Italy and Spain. The control circuit 4 
has previously memorized the code of the country C of the 
network to which it is currently connected and checks if this 
code is in the table. If not, it executes block B9 described 
later. If yes, it executes an initialization phase beginning 
with block B2. 

It is important to reahze that execution of block Bl, 
although having its own advantages, is not strictly necessary 
to implementation of the invention. If this option is not 
chosen, the control circuit 4 goes direct to executing block 
B2 after block A8. 

In block B2 the control circuit 4 assigns the value of J 
previously calculated to the variable M which represents the 
number of items in the second list. Then, in block B3, it 
assigns the value 1 to the variable J again. 

The control circuit 4 then reads in the working memory 5 
the Jth item of the second list in order to obtain the network 
PLMN and the power P of the respective control channel 
(block B4). 

In block B5 the control circuit 4 checks if the network 
PLMN is the home network HPLMN. If not, it goes directly 
to executing block B8 described later. If yes, it executes 
block B6. 

In block B6 the control circuit 4 checks if the respective 
control channel is received with sufficient power P. The 
terminal must not connect to a network if the connection 
would have to be interrupted shortly afterwards because of 
insufficient quality. It is therefore prudent to ensure that the 
connection to the home network HPLMN is authorized only 
if the power P exceeds a predetermined threshold S. This 
threshold S may be set absolutely or defined relative to the 
reference power with which the control signal transmitted by 
the visitor network to which the terminal is currently con- 
nected is transmitted. In this latter case the threshold S is the 
sum of the reference power and a safety margin which can 
have a positive, null or even negative value. The control 
circuit 4 which has this previously stored predetermined 
safety margin and the reference power acquired during 
synchronization to the visitor network is therefore able to 
calculate the threshold S. The quality of connection has been 
assessed here by assessing its power. The invention is 
equally applicable if it is assessed by means of some other 
indicator, such as an error rate, for example. 

It is important to realize that execution of block B6, 
although having its own advantages, is not strictly necessary 
to implementation of the invention. If this option is not 
chosen the control circuit B goes directly to executing block 
B7 after block B5 if in the latter it has been established that 
the network PLMN examined is the home network HPLMN. 
Note that in this case it is not necessary to memorize the 
power P of the channel being processed in block A6. 

If this option is adopted, on the other hand, the control 
circuit 4 executes block BS described later if the power P of 
the selected channel CH(J) is below the threshold S; if not, 
it executes block B7. 

In block B7 the control circuit establishes if it is possible 
to connect to the home network HPLMN using the selected 
channel CH(J) and commands the terminal accordingly. The 
means for establishing the connection are not described in 
more detail here as they are part of the prior art and are not 
within the scope of the present invention. 

In block B8 the control circuit checks if all the channels 
in the second list have been examined, i.e. if J is equal to M. 
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If not, it executes block BIO described later; if yes, it 
executes block B9. 

In block B9 the control circuit 4 has already established 
that it is not possible to connect to the home network 

s HPLMN. Subsequent actions are outside the scope of the 
present invention, but a simple solution is not to modify the 
connection already established. 

In block BIO (he control circuit 4 increments the value of 
J by one and executes block B4 again to examine the next 

10 channel in the second list. 

The connection seeking device operates automatically, i.e. 
it repeats the series of operations described above with 
reference to blocks Al through BIO in a regular manner. 
This repetition may be subject to a time -delay commanded 

15 by the control circuit 4, for example. 

Also, the invention has been described in relation to 
networks belonging to countries. This is merely one example 
and the invention is equally applicable if these countries are 
replaced by geographical entities comprising more than one 

20 country or part only of a country. What is important is that 
a geographical entity of this kind comprise one or more 
networks and that these networks are limited to this entity: 
a network can cover all or part of the geographical entity but 
it cannot extend beyond its boundaries. The only exception 

25 to this is that explained in the preamble, and with which this 
invention is concerned, and is due to the mode of transmis- 
sion: it is not possible to halt radio transmission on a 
predetermined boundary line. 
There is claimed: 

30 1. A device for seeking connection of a terminal to a 
network of a mobile radio system comprising a plurality of 
networks, each of said networks including a plurality of base 
stations, each of said base stations having a plurality of 
communication channels which are capable of providing 

35 network connections when synchronized with the terminal, 
said system extending over a plurality of countries each 
having at least one network and said terminal being afiBhated 
with a home network belonging to a country of origin, the 
device comprising: seek means for seeking the connection of 

40 the terminal to said home network when the terminal is 
connected, using a communication channel with which the 
terminal is synchronized, to a network which does not 
belong to said country of origin; and means for establishing 
the connection of the terminal to said home network. 

45 2. The device according to claim 1, further comprising 
means for holding a table listing only said country of origin 
and countries adjacent thereto, and selector means for acti- 
vating said seek means only if the network to which the 
terminal is connected belongs to a country in said table, 

50 3. The device according to claim 1, further comprising 
means for holding a quality indicator in respect to the 
connection to said home network established during scan- 
ning of aU the networks to which a connection can be 
achieved, and inhibitor means for preventing connection to 

55 said home network if said quality indicator is below a 
predetermined quality threshold. 

4. The device according to claim 3 wherein said terminal 
is connected to a network by a connection whose quality 
constitutes a reference value and said quality threshold is set 

60 relative to said reference value. 

5. The device according to claim 3, wherein the connec- 
tion between said terminal and any network of said mobile 
radio system uses at least one radio channel conveying a 
control signal, and said quality indicator represents a power 

65 at which said terminal receives the respective control signal. 

6. In combination; a terminal; a mobile radio system 
comprising a plurality of networks, each of said networks 
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including a plurality of base stations, each of said base 
stations having a plurality of communication channels which 
are capable of providing network connections when syn- 
chronized with the teraiinal, said system extending over a 
plurality of countries each having at least one network, said 
terminal being affiliated with a home network belonging to 
a country of origin; and seek means for seeking a connection 
of the terminal to said home network when the terminal is 
connected, using a communication channel with which the 
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terminal is synchronized, to a network which does not 
belong to said country of origin. 

7. The combination according to claim 6, further com- 
prising means for holding a tabic listing only said country of 
5 origin and countries adjacent thereto, and selector means for 
activating said seek means only if the network to which the 
terminal is connected belongs to a country in said table. 

* * * « « 
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